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SUMMARY

This report documents the development of a new analysis procedure
vhich can be utilized by Army field commands to incorporate reservoir
drawdown planning considerations into battlefield assessments. An
overview illustrating the impacts of hydrology on the battlefield is
presented initially to highlight the importance of induced flooding
operations on military strategy and tactics. The Reservoir Analysis
Model for Battlefield Operations (RAMBO) concept is then examined in
detail utilizing a series of summary tables and stepwise guides; these
procedures incorporate military requirements, hydrologic modeling, and
statistical analysis techniques into a comprehensive planning process.
A case study approach is then employed to demonstrate the utility of
the RAMBO analysis procedures for conducting a reservoir drawdown study
in a military theater of operation. Six drawdown strategies are
evaluated for the Han River Basin in Korea. Artificial intelligence
techniques are then examined highlighting the use of expert systems for
Military Hydrology applications, specifically the reservoir drawdown
problem. Finally, a next generation notional concept for the RAMBO
concept is presented incorporating a wide range of military
requirements (dam-break analysis, trafficability considerations,
rainfall-runoff predictions, and tactical weather radar systems) into

an intelligent decision support package based on AI technology.
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CHAPTER I
INTRODUCTION

BACKGROUND

Throughout the history of warfare, hydroiogy has played an
increasingly important role in the planning and execution of military
operations. The technological improvements of military weapons systems
coupled with the growth of industrialization throughout the world’s
military theaters of operation have changed both the operational and
tactical levels of war. Military commanders today are confronted with
problems of unprecedented complexity that require the application of
both classical and modern warfare theories to secure and retain the
initiative. Historical accounts clearly indicate that in almost every
major military campaign hydrology has proven to be a dominant factor.
Flooded river crossing sites, flood-severed logistical supply lines,
insufficient water supply, and reduced trafficability are all
hydrologic problems which disrupt military timetables and affect both
the planning and execution of tactical operations (Stinson, 1981).

The modern AirLand Battle doctrine dictates that hydrologic
support to the Army must be compatible with current operational
concepts and complement the dynamic elements of the modern battlefield.
It is clearly evident, though, that most Army field manuals and
operating procedures describe hydrologic warfare doctrine in terms of
antiquated systems and outdated techniques. Significant improvements

in hydrologic modeling have occurred during the past fifteen years with

The format and style of this thesis follow the pattern of the Water
Resources Bulletin.




the advent of desk-top computers, expert systems, and sophisticated
softwvare packages; unfortunately though, many of these improvements
have not been integrated into the current AirLand Battle strategy and
planning procedures.

In January 1983, the U.S. Army Corps of Engineers (USACE) was
tasked to implement a Research, Development and Evaluation program
specifically tailored to the AirLand Battlefield. The objectives of
this research effort were to develop improved technologies and
operational capabilities to enable field Armies to perform rapid
battlefield assessments during military operations. The Military
Hydrology (MILHY) research program, approved in 1977 by the Office of
the Chief of Engineers, became an important sublevel in the USACE
AirLand Battlefield Environment Thrust (ALBE) project. The principal
objective of the MILHY program was to develop and improve hydrologic
capabilities of the Armed Forces with emphasis on applications in
tactical environments. The MILHY program was divided into four
research thrust areas for control and coordination: (a) weather-
hydrology interactions, (b) state of the ground, (c) streamflow, and
(d) water supply. Although all four areas have significant impact on
military planning and operations, the third area, streamflow, will be
the focus of this thesis.

The streamflow research area is oriented towards the development
of computerized procedures for rapidly forecasting the downstream
impacts of floods. Recent efforts have been directed principally
towvard induced flooding under either dam breach or controlled release

scenarios. Although this battlefield analysis capability is extremely




important, another area of interest which has received little or no
attention is the study and evaluation of military reservoir operations.
Modern strategy and tactics must take into account the physical and
hydraulic characteristics of reservoir systems within military theaters
of operation because of their significant potential for hydraulic
wvarfare applications. Reservoir systems provide the military commander
with in-place weapons that can be used in numerous ways to influence
the course of the battle and project superior combat power at the
decisive time and place. Several realistic examples include (a)
influencing the location and operation of military installations in
areas subject to inundation, (b) disrupting river crossing operations,
and (c¢) maintaining sufficient streamflows to create an impassable
linear water obstacle. Military reservoir operations have implications
for the civilian population as well. Water supply, irrigation, hydro-
electric power generation, and navigation can be severely affected by
the regulation of the reservoir system strictly for military purposes;
these factors, in turn, could have serious repercussions on food
supply, industrial operations, commerce, and public health.

It is evident that the military planner must have the
technological tools and capabilities to analyze the complexities
associated with operating reservoir systems in theaters of war.

Without these tools the planner stands little chance of maximizing the
utilization of his water resources in conjunction with battlefield

operations.

PURPOSE

The primary purpose of this thesis is to present an integrated set




of procedures which can be used to analyze and evaluate reservoir
dravdown contingency operations within military theaters of operation.
The analytical procedures collectively entitled "Reservoir Analysis
Model for Battlefield Operations" (RAMBO) combine computer model
simulations, spreadsheet calculations, and statistical analyses into a
comprehensive package. The RAMBO concept will provide the military
decision maker with an enhanced capability which can be used to
evaluate the impacts of differing reservoir drawdown strategies on

existing operational and contingency plans.

SCOPE

This thesis represents the fourth report contributing to research
in the streamflov thrust area. The report will be presented in six
chapters. Chapter 1 will examiné the reservoir drawdown problem from a
military perspective and define the objective of this research project.
Chapter 2 will highlight the influence of hydrology in the planning and
conduct of military operations and present an historical perspective
demonstrating the tactical use of induced flooding operations on the
battlefield. Chapter 3 will describe the analytical analysis
procedures and numerical modeling techniques that form the basis for
the RAMBO concept. Chapter 4 vill highlight an applied case study
utilizing the RAMBO concept to evaluate reservoir drawdown contingency
planning for a South Korean river basin. Chapter 5 will describe the
integration of the RAMBO concept into an expert system framevork and
focus on a prototype software package developed for the U.S. Forces
Korea engineer staff. Finally, Chapter 6 will include major

conclusions, ans recommendations for further research.




PROBLEM

The use of hydraulic warfare to influence the outcome of
battlefield operations is well documented. The fact that this
destructive capability exists and can be used by either friendly or
enemy forces to seize or retain the initiative on the battlefield
definitely warrants consideration in the preparation of military
theater contingency plans. Studies conducted by the USACE Military
Hydrology R&D Branch (1957) resulted in the publication of twelve
military hydrology bulletins and three technical bulletins (Table 1).

Table 1. Military hydrology and technical bulletins prepared by the
USACE Military Hydrology R&D Branch

Military Hydrology Bulletins (MHB).

1. MHB 1: Applications of Hydrology in Military Planning and Operations

2. MHB 2- River Characteristics and Flow Analyses for Military Purposes

3. MHB 3: Stream-Gaging

4. MHB 4: Transamission of Hydrologic Data for Military Purposes

5. MHB 5: Card-Indexing and Piling of Information Pertinent to M{lfitary
Hydrology

6. MHB 6: Directory to European Sources of Information on Military
Hydrology

7. MHB 7: Glossary of Terms Pertinent to Military Hydrology

8. MHB 8: Selected References on Military Hydrology

9. MHB 9: Flow Through a Breached Dam
10. MHB 10: Artifical Plood Waves
11. MHB 11: Regulation of Stream Flow for Military Hydrology
12. MHB 12: Handbook of Hydraulics
Department of the Army Technical Bulletins (TB).
13. TB 5-550-1: Flood Prediction Services

14. TB 5-550-2: Compilation of Intelligence on Military Hydrology
15. TB 5-550-3: Flood Prediction Techniques

A review of these fifteen publications indicated that the niliiiary wvas
concerned with the destructive implications of hydraulic warfare along
with other pertinent aspects of hydrology impacting on military
operations and felt it was necessary to devise data collection

techniques and hand computational analysis procedures to aid in




planning and evaluating the potential impacts of these operations on
the battlefield. Following the publication of these bulletins in 1957
and 1958, very litile research was done by the USACE until the
implementation of the Military Hydrology program in 1977.

The main thrust of military hydrology research over the past
thirty years has been focused on analyzing the implications of
hydraulic warfare operations from the standpoint of effects inflicted
on ihe battlefield. Although this is an important consideration in
military planning, it is equally essential to analyze the reciprocal
course of action; i.e., how can the impacts of hydraulic warfare be
reduced or eliminated without degrading U.S. military operations?

The most essential requirement necessary for hydraulic warfare is
an adequate amount of water. Reservoirs, impounding large volumes,
represent the most significant sources of water that could be used to
conduct hydraulic warfare operations within existing military theaters.
Usable storage refers to the volume of water located above the spillway
that could be released without total destruction of the dam or barrier.
A logical step that could be taken by military commanders to reduce the
potential impacts of enemy-induced flooding would be to lower the
reservoir water surface to the spillway level (See Figure 1). After
the execution of reservoir drawdown contingency operations (usable
vater storage removed), the potential hydraulic warfare impacts would
be significantly reduced, and the only course of action left open to
the enemy would be to destroy the main structure of the dam using a
large amount of explosives or a nuclear device.

The strategic and tactical issues surrounding the reservoir
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dravdown problem are complex. The first key issue concerns the
implications of hydraulic warfare operations. If the military
commander were to draw down strategic reservoirs within his area of
operations, he effectively could reduce or eliminate the possibility of
enemy-induced flooding. Conversely, these actions degrade the
commander’s own hydraulic warfare capability, which could have been
used defensively to disrupt or delay enemy offensive operations. A
second issue concerns the actual drawdown time and the resulting loss
of usable water. If an enemy attack is imminent, what is the expected
safe dravdown time and what impact does the loss of usable water have
on municipal and industrial water supply and hydroelectric power
generation? A third issue concerns the effects of reservoir drawdown
operations on downstream crossing sites. If reservoir drawdown
operations are initiated, can downstream tactical crossing sites remain
in operation and under what conditions would the sites have to be
closed? These represent some of the major issues confronting the
military commander which would have to ve considered when evaluating
the feasibility of alternative reservoir drawdown contingency plans.

Currently, the military lacks the technological tools and
analytical procedures to realistically evaluate the consequences of
proposed reservoir drawdown plans. This thesis will address the
reservoir drawdown problem and propose an integrated set of procedures
(RAMBO) which can be used by military planners to

a. Model river basins in contingency areas using state-of-the-art

computer simulation techniques.

b. Evaluate reservoir drawdown times.




¢. Evaluate maximum river crossing site flow rates.

d. Assess the military advantages and disadvantages of each
drawdown plan with regard to tactical and contingency
operational plans (OPLANS).

This overall capability will, for the first time, enable military
planners to realistically assess the impacts, advantages, and
disadvantages of each reservoir drawdown contingency plan. Staff
estimates can now provide the commander with previously unavailable
information that can help him formulate an improved estimate of the
situation. Contingency and battlefield OPLANS can now include the
impacts of reservoir drawdown operations, which previously were
considered in broad, indefinable terms or not at all.

The next chapter will discuss the role hydrology plays in military

operations. It is essential to understand the tactical implications of
adverse hydrologic conditions on the battlefield in order to fully

comprehend the complexities surrounding the reservoir drawdown problem.
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CHAPTER II

THE IMPACTS OF HYDROLOGY ON THE BATTLEFIELD

THE ROLE OF HYDROLOGY IN MILITARY OPERATIONS

The complexion of the modern battlefield has drastically changed
due to the technological advances of recent years. Highly mobile
weapons systems, ground/satellite surveillance techniques and advanced
communication devices have added a new dimension to warfare and become
the trademarks of today’s modern military forces. Despite these vast
changes in technology, the physical factors of weather and terrain are
as significant today as during the campaigns of Alexander the Great,
Frederick the Great, and Napoleon.

Following the expansion of the French Empire in 1806, Napoleon
described the influence of weather on battlefield operations as the
“"Fifth Element" of warfare (Brinns, 1972a). Britt (1973) describes the
Napoleonic campaigns of Ulm and Austerlitz, which occurred on the
battlefields of Central Europe over one hundred and eighty years ago.
During these campaigns the effects of weather and hydrology had a
pronouniced impact on Napoleon’s advances against the Austrian and
Prussian forces. Figure 2 depicts the nine-hundred-mile advance of
Napoleon’s forces from the French coast to Vienna and the long lines of
communication established to support the advancing army. Heavy rains
and sleet during October and November of 1805 had a severe impact on
both personnel and equipment by turning both attack and logistical
resupply routes (lines of communication) into roads of mud. Despite

the weather, supply shortages, and other battlefield factors, Napoleon
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was victorious over Alexander's army and subsequently imposed peace on
Austria and Prussia. Although Napoleon’s generalship and flexible
strategy enabled the Grand Armee to overcome the detrimental effects of
poor weather during their battlefield operations, today’s military
leaders may not enjoy the same degree of versatility due to the changes
in modern strategy and tactics necessitated by technological advances

in military equipment and weapons systems.
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Figure 2. The strategic situation in Europe following the Ulm Campaign
in 1805.

(Espetio and Elting, 1964)

Copyright (c) 1964 by Frederick A. Praeger, Inc. Reprinted with
permission.
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During World War II the Germans were not as fortunate as Napoleon.
Brinns (1972a) indicated that their offensive against the Russians in
1941 was severely influenced by hydrologic conditions during advances
conducted in October and November. Heavy rains turned the roads into
quagmires of mud and off-road maneuverability was generally impossible.
Rivers throughout the area of operations became swollen and flooded,
creating problems for the motorized resupply columns. The German
offensive fell short of its final tactical objectives; rain, snow, and
mud proved to be greater enemies than the defending Russian forces. It
is not cle~~ whether the Germans failed to fully anticipate the role
weather would play in their offensive, but it is evident that the rain
and mud crippled their early winter advances and contributed towards
their eventual loss of the war.

These two historical examples illustrate an important concept; the
combat leader who understands, anticipates and plans for the impacts of
hydrology on personnel, equipment, terrain, and military operations
will have a tactical advantage over the leader who does not.
Recognizing hydrology and its influence on battlefield operations is a
distinction that separates veteran combat leaders from "Great Captains"
of military history like Napoleon, Jomini, and MacArthur. These men
understood and anticipated the impacts of weather on military
operations and were prepared to react and seize the initiative under
adverse hydrologic conditions. The weather, though, is an
unpredictable element of warfare; how can a military leader use
hydrology to influence the course of the battle at his own time and

choosing?
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THE CONCEPT OF INDUCED FLOODING

Induced flooding is not a new concept in wvarfare. Its effective
uses in World War II, the Korean Conflict, and the Iran-Iraq War are
well documented. Consider the historical account given by Flocke
(1988) of a battle that occurred over one hundred and fifty years ago
on the plains of Texas.

The battle of San Jacinto was fought on April 21, 1836; it was the
turning point in the Texas fight for independence from Mexico. On that
spring day, General Sam Houston decisively defeated General Antonio
Lopez de Santa Anna, a self-styled "Napcleon of the West." General
Houston used the weather to his advantage, trading space for time,
defeating an army one and a half times the size of his own. While
retreating from the Mexican Army, General Houston’s forces burned
bridges and ferries, delaying the advance of General Santa Anna’s men
during high flood stages along both the Brazos and Colorado Rivers.
This delay enabled General Houston to reorganize his force, train his
men and prepare for a counterattack against the unsuspecting Mexican
Army. After the rivers subsided, General Houston’s forces conducted a
hasty river crossing operation on the Buffalo Bayou and soundly
defeated the Mexican Army during a surprise attack. General Houston
used the flooded river conditions to his advantage and ultimately
defeated a superior larger force.

The key element in this example was the delay of the Mexican
offensive due to the flooded river conditions. Suppose a military
commander could create a linear water obstacle at the time of his

choosing by flooding a river or pumping water into a man-made barrier.




This form of man-made induced obstacle would represent a significant
force multiplier having military applications during the conduct of
both offensive and defensive operations.

Vhat is the concept of induced flooding and how can it be
initiated during a combat operation? Figure 3 illustrates the
breaching sequence at a dam using an aerial-delivered munition. The
resultant floodwave could create a linear obstacle in the downstream
floodplain region (Figure 4) effectively delaying an enemy advance or
severing his rear area lines of communication. This breaching method
wvas used effectively by the British during World War II.

Induced flooding can also be created under cohtrolled conditions
through the use of gatea reservoir releases. Pulsating flood waves
could be propagated throughout downstream river reaches by opening and
closing the gated spillways. This type of induced flooding could be

timed to occur at a decisive point in the battle, maximizing its
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military value. This method was used effectively by the North Korean’s

during the Korean Conflict.

A third method of creating induced flooding on the battlefield
wvould be to pump water into prespecified tactical zones creating an
impassable water barrier. This method has been used effectively by

both military forces during the Iran-Iraq WVar.

INDUCED FLOODING OPERATIONS FROM AN HISTORICAL PERSPECTIVE

"Dam Busters" was a nickname given to the crack R.A.F. tactical
bomber squadron known as X Squadron; they executed a famous bombing
raid against three large German dams during World War II. Dziuban

(1947) recounts that on the evening of May 16, 1943, eighteen bombers
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TANDEM BOMBING AT TACK CONGEPT
USING LASER -GUIDED MUNITIONS

Figure 3. Illustration of an aerial delivered munition breaching an
earthen dam on the battlefield.

POSSIBLE FLOW PATTERN OF BREACHED DAM

Figure 4. Illustration depicting the downstream floodwave impacts
created under a dam breach scenario.
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took off from England to attack three strategic targets in Germany.
The crews had trained with a completely new bombing device, called the
"Wallis or Skip Bomb," for the previous month. Their targets were the
Mohne, Sorpe, and Eder Dams located in the heart of the Ruhr industrial
valley. If the dams could be breached using this new device, the
resultant impacts could be more severe than any other single event
during the EBuropean war; these dams held back over seventy-six percent
of the total available water in the Ruhr valley. The bombing raid was
executed with perfection against both the Mohne (Figure 5) and Eder
Dams; the Sorpe Dam could not be breached because of its thick
structure and extensive foundation design. Although only two of the
three primary targets were breached, serious flood damage occurred
throughout the downstream region (Figure 6). Thousands of acres of
agricultural land were despoiled, ruining over seventy percent of the
yearly harvest. Industrial stoppages occurred in the Ruhr valley
resulting from the loss of electrical power, the shortage of water, and
washed out highways and railroads. Although the bombing raid did not
cripple the overall German war effort as originally anticipated, the
short term regional effects were significant. This example of induced
flooding illustrates a strategic application under a dam breach
scenario to interdict rear area operations.

The second historical example of induced flooding, recounted by
Fowler (1952), occurred during the Korean Conflict in the spring of
1951. North Korean forces held the terrain north of the 38th Parallel,
while United Nations forces occupied defensive positions south of the

parallel along both sides of the North Han River. Hwachon Dam,
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controlled by North Korean forces, was located approximately 10 miles
north of the parallel; it was one of the largest dams in Korea and
contained approximately one billion cubic meters of storage. The
concrete gravity dam had eighteen spillway gates thirty-two feet in

height along the top of the structure (Figure 7). The United Nations

Figure 7. Aerial view of Hwachon Dam, April 1951, looking south.
(Fowler, 1952)
Copyright (1952) by the Society of American Military Engineers.

Reprinted by permission from the January-February, 1952 issue of
The Military Engineer.

forces had two tactical float bridges in place south of the dam to

maintain supply and lateral movement routes across the river
(Figure 8). At 7:15 A.M. on April 9 the North Korean forces opened ten
of the flood gates at Hwachon Dam; the resultant flood wave created by

this large release of water severed both tactical float bridges
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deployed downstream of the dam. Both bridge sites remained closed
until April 11; the North Koreans had effectively induced a flood
throughout the downstream reaches of the river that created a forty-

eight hour loss of lateral movement for the United Nations forces. 1In

LEGEND
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Figure 8. Map depicting the location of Hwachon
Dam and the M-2 float bridge sites

(Fowler, 1952)

Copyright (1952) by the Society of American Military Engineers.

Reprinted by permission from the January-February, 1952 issue of

The Military Engineer.
late May, U.S. naval torpedo bombers attacked the dam (Figure 9) and
effectively destroyed three of the spillway gates; at this point, the
dam lost its tactical significance because induced flooding could no
longer be employed. This example of induced flooding illwnstrates its

tactical military use under a controlled reservoir release scenario to

interdict operations in the main battle area.
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Figure 9. Destruction of spillway gate nine by torpedo bombing
(Fowler, 1952)

Copyright (1952) by the Society of American Military Engineers.

Reprinted by permission from the January-February, 1952 issue of

The Military Engineer.

The final historical example of induced flooding operations
occurred during the Iran-Iraq War in 1987. At the southern end of the
border between the two countries, the terrain offered the most
favorable conditions for conducting military operations. Abercrombie
(1988) indicated, utilizing SPOT (Satellite Pour 1’Observation de la
Terre) satellite imagery (Figure 10), that Iraq created a barrier along
the border by pumping water into a fifteen hundred square mile area.
This water barrier was three to nine feet deep and denied the Iranian
forces use of the central attack sector. 1In effect, Iraq had

channelized any potential Iranian offensive into a narrow zone north or
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south of the obstacle. Iraqi forces could then target weapon systems
in these two attack corridors gaining a significant tactical advantage.
Iran responded with its own water obstacle by flooding an area
surrounding the Karun River. Both forces have realized the tactical
importance of induced flooding and employed it effectively under a

defensive posture.

Frumon «harinel
;

Figure 10. SPOT satellite image depicting the tactical use
of water to create linear barrier obstacles near
the Iraqi-Iranian border.

(Abercrombie, 1988)

Copyright (1988) by the Space Media Network/CNES. Reprinted

with permission of the SPOT Image Corporation.

All three examples highlight the strategic or tactical

effectiveness of induced flooding during the conduct of military

operations. The immediate consideration is how can a military

commander defend against hydraulic warfare, especially in his own rear




23

area? Consider the first situation. If the Germans had beer able to
draw down the water level in the Mohne and Eder Reservoirs, would the
regional flooding effects have been so pronounced throughout the Ruhr
industrial valley? In the Korean situation, if the United Nations
forces had occupied the area north of the Hwachon Dam (such as occurred
four days later on April 18, 1951) and had North Korean forces
infiltrated the dam site using a Special Forces operation, could they
still have severed the tactical float bridges across the river if
reservoir drawdown operations had been initiated by the United Nations
forces after initially securing the dam? In both these scenarios, how
long would it have taken to draw down the reservoirs without hindering
tactical operations downstream of the dams? Without some form of
tactical decision aid, the military commander would be hard pressed to
evaluate these situations properly and selec. ihe appiupriate course of
action.

U.S. military forces are presently confronted with these same
concerns when developing contingency plans in likely combat theaters.
No form of computerized analysis technique exists that enables military
planners to incorporate reservoir drawdown planning considerations into
their contingency OPLANS. The next chapter will describe a solution to
this problem utilizing an integrated analysis technique entitled the

RAMBO concept.
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CHAPTER III

RAMBO INTEGRATED ANALYSIS PROCEDURES

MODEL COMPONENTS

The RAMBO concept was specifically developed to evaluate reservoir
drawvdown contingency plans under a military threat scenario. The
concept involves the incorporation of three existing computer software
routines - HEC-5 Simulation of Flood Control and Conservation Systems
Model (The Hydrologic Engineering Center, 1982), Symphony Program (The
Lotus Development Corp., 1985) and SAS Statistical Analysis System (SAS
Institute Inc., 1985) - into a five-phase analysis procedure
Figure 11). This innovative concept blends military battle staff
assessments, hydrologic modeling, and statistical analysis procedures,
offering the engineer planner a tactical decision tool capable of
incorporating the dynamic nature of reservoir operations into

battlefield contingency OPLANS.

Phase I

As shown in Table 2, specific actions that must be completed by
the military battle staff to properly establish the scope of the
reservoir drawdown problem under consideration are defined in the first
phase of the RAMBO procedures. The Operations and Intelligence
Sections of the commanders staff will complete these actions utilizing
tactical and contingency OPLANS, intelligence and situation reports,
engineer river reconnaissance, and floodwave impact assessments. If
their evaluation indicates the possibility of an induced flooding

threat within the theater of operation, reservoir drawdown contingency
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analyses will be warranted utilizing the RAMBO procedures. Appropriate
river crossing sites and specific drawdown contingency scenarios will
be determined based on the commander’s tactical requirements. If the
use of induced flooding appears unlikely within this area of operation,

a reservoir drawdown study will not be justified.

Table 2. Phase I requirements: Military staff input
1. Specify the military Area of Operation (AO) under consideration.

Define the boundaries for the AO

. Provide a general description of the topography

. Provide a general description of the drainage system

Specify the reservoir(s) to be evaluated during the analysis

QN o

2. Quantify enemy capabilities for capturing or destroying reservoirs
within the A0 using the following categories.

a. Ground attack operations
b. Special Forces operations
¢. Air attack and indirect fire operations

3. Conduct an evaluation of the induced flooding potential for the A0
(dam-breach/controlled release modeling study).

4. Identify the reservoir drawdown contingency scenarios to be
evaluated (include constraint guidelines).

a. Specify scenarios to be evaluated
b. Identify the water storage policy that should be applied to
downstream reservoirs during drawdown modeling
c. Identify the acceptable channel capacities during reservoir
drawdown operations (slow and fast drawdown).
5. Identify the river crossing site(s) to be included in the drawdown
model study.
Phase II
Cutlined in Table 3 is the second phase of the RAMBO procedures,
i.e., the essential data requirements necessary to conduct a reservoir

drawdown planning study. Data collection checklists, developed to aid

the engineer analyst, synthesize the computer model input requirements
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into five basic categories: (a) reservoirs, (b) control points, (c)
hydropower facilities, (d) time series inflows, and (e) water resource
utilization maps. These checklists provide a valuable tool for
identifying all necessary data requirements to build an HEC-5 model of

the river basin.

Table 3. Phase II requirements: Data collection

1. Reservoir checklist requirements

General dam and reservoir specifications
Spillway data and rating curve

Outlet works data and rating curve

Power penstock rating curve
Area-elevation curve

Storage capacity-elevation curve
Tailwater elevation-discharge curve
Target pool operating levels

Monthly net evaporation rates

.

o0 D N oD

2. Control point checklist requirements

a. Location within river system

b. Drainage area contributing to flow (area ratio factor)
c. Diversion and return flow forecasts

d. Maximum, minimum required, and minimum desired flows

3. Hydropower checklist requirements
a. Powerplant operating characteristics
b. Monthly at-site power requirements
c. Powerplant peaking capability curve
4, Time series inflow checklist requirements
a. Control point gaging location associated with measured inflow
b. Category of flow (monthly, yearly, etc.)
c. Time series flow records for the historical period
5. Map and basin checklist requirements
a. Detailed map of the study area

b. Key water resource land use areas
c. River basin net evaporation rates

The accuracy of the input data will influence the model’s ability
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to reproduce the flow patterns and operating characteristics of the
river system; this in turn will affect the reliability of the drawdown

results.

Phase TII
As shown in Table 4, a stepwise guide for constructing a reservoir
system input model constitutes the third phase of the RAMBO procedures;
a reservoir system input model is essential for an application of the
HEC-5 program. This mathematical simulation program, developed by the

Hydrologic Engineering Center, is the central core of the RAMBO

procedures. Although the program was originally developed as a
civilian water resource planning tool (i.e., reservoir system operation
studies, hydropowver analysis, and flood control and conservation
storage sizing evaluations), its structure and wide-ranging
capabilities provide an excellent framework for integrating military
reservoir drawdown requirements. Any complex reservoir system
(parallel and tandem operation) can be simulated with the program. The
critical computational asset provided by the program is its ability to
simulate a flood control emergency situation (analogous to military
reservoir drawdown operations) while minimizing flow damage throughout
the downstream channel. Utilizing this program option and linking flow
damage calculations to river crossing site constraints, any reservoir
drawdown strategy can be simulated and subsequently evaluated.

Although no complex physical situation can be exactly simulated by a
numerical algorithm, the RAMBO procedures provide the military staff

with a tactical decision tool commensurate with current technology.
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Table 4. Phase III requirements: Computer model formulation
1. Develop a logic network for the river basin.

a. Define the main and tributary river channels
b. Specify reservoir and control point locations
c¢. Identify diversion and return flow paths between control points

2. Identify the system hydrology requirements.

a. Specify the streamflow data base for conducting the drawdown

modeling
b. Compute the river basin net evaporation coefficients

3. Define the characteristics and operating criteria for each
reservoir.

a. Specify basic reservoir characteristics

Capacity-elevation curve
Area-elevation curve

Combined outlet capacity rating curve
Monthly net evaporation coefficients

£ N

b. Specify the operating criteria for each reservoir.

1. Calculate storage capacity index levels (inactive, buffer,
conservation, flood control, and top of dam)
2. Define the reservoir rule curves

4. Define the hydropower plant chagyacteristics and power requirements.
a. Specify the basic powerplant operating characteristics

Installed generating capacity

Powerplant efficiency and overload ratio
Penstock discharge capacity

Fixed head loss

Average tailwater elevation

NN
e e e s e

b. Specify the at-site power requirements for each reservoir based
on system demand power loads

5. Specify the control point characteristics.

a. Non-reservoir control points (river crossing site)
Vater demands
Channel capacities

Area ratio factors
Minimum required/desired flow rates

SO
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Table 4. Continued
b. Reservoir control points

1. Maximum nondamaging flow rate
2. Minimum hydropower release flow rate

6. Specify the reservoir operation control point scheme.

Phase IV

The methodology for conducting a reservoir drawdown planning
study, shown in Table 5, constitutes the fourth phase of the RAMBO
procedures. This phase represents the most critical component of the
procedural analysis. Military river crossing requirements and tactical
strategies are translated into numerical quantities (maximum allowable
flow rates and optimal reservoir water surface elevations), thereby
establishing the basic controls for each reservoir drawdown strategy
selected for evaluation. This stage of the RAMBO procedures requires
the integrated use of all three computer programs (HEC-5, Symphony, and
SAS) to complete a drawdown study.

The first step of the procedure is to conduct a model verification
evaluation to insure that input data values are realistic and properly
quantified. Following the verification process, base line conditions
must be compiled for the river basin. The base line system can be
established in two fashions, either developed with existing records or
simulated with the HEC-5 program. If historical reservoir stage
records exist, these should be organized in a summary table (base line
system) and utilized to generate the starting storage volume matrix
(described in step 3). If reservoir stage records do not exist, the

HEC-5 program should be employed to generate this parameter based on
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Table 5. Phase IV requirements: Reservoir drawdown analysis

1. Model verification guidelines

Validate model-generated natural and incremental flows.

. Check maximum and minimum reservoir stage levels against

defined limits.

line system formulation procedures

. Define the system operating strategy in terms of water policy

goals (hydropower production and water supply demands).

Conduct model runs and formulate the base line system through
optimization of the water policy goals (item a).

3. Starting reservoir storage volume determination procedures

a.

Define the analysis period for the reservoir drawdown planning
study (month, season, or year).

. Utilizing the base line system output and the Symphony program,

generate the average reservoir storage levels for each period
over the historical record.

4. Reservoir drawdown time and crossing site flow rate analysis
procedures

a.

Specify the critical channel capacity for each control point
based on the drawdown scenario guidelines (slow or fast
drawdown rate).

. Modify all required top of conservation reservoir index levels

to reflect the final required reservoir drawdown elevation
(usually the spillway crest elevation).

. Choose the computational interval for the HEC-5 model

simulation based on an estimate of the expected drawdown time.

. Modify the streamflow inputs to insure that a sufficient period

of flow data is available to completely draw down the specified
reservoir(s).

. Repeat this procedure for each period over the historical

record to generate a statistical data base (drawdown time and
maximum crossing site flow rate) for each drawdown strategy.

. After all periods have been simulated with HEC-5, record all

drawdown times and maximum crossing site flow rates in a
summary table.
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Table 5. Continued
5. Statistical analysis of reservoir drawdown strategy results
a. Statistically evaluate the drawdown results (drawdown time and
maximum crossing site flow rate) utilizing the SAS program and
the Proc Univariate analysis option. Statistical information
provided with this option includes the mean, variance, and
skewness.

b. Generate a frequency table for both the drawdown time and

maximum flow rate results utilizing the SAS program.
measured streamflow records. If simulated data are generated, linear
programming optimization techniques are employed to maximize system
hydropower output and minimize water supply shortages throughout the
river basin based on the complete historical period of record. The
system operating strategy that maximizes this objective function (i.e.,
maximizes hydropower production and minimizes water supply shortage
periods) will be chosen as the base line system for all subsequent
analyses.

Next, the starting reservoir storage volumes for all subsequent
drawdown strategies are established; this parameter is the most crucial
component of the drawdown analysis. The reservoir storage summary
tables from the base line system (either measured or simulated), a
defined drawdown analysis period, and the spread sheet option of the
Symphony program, are then applied to calculate average reservoir
storage volumes (i.e., starting reservoir water surface elevations) for
each drawdown period over the historical record. This procedure is
repeated for each reservoir in the river basin; the end product is a

matrix containing starting reservoir storage volumes for each reservoir

in the study area based on a selected analysis period.
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The fourth step in the procedure incorporates key military
tactical and strategic considerations into the drawdown analysis.
Desired reservoir drawdown levels, maximum allowable outlet releases,
and downstream river crossing site flow rates are specified based on
the reservoir drawdown strategy chosen for evaluation. At this
juncture all required input parameters have been numerically quantified
and defined allowing drawdown model simulations to be initiated.

Utilizing the data base of starting reservoir storage volumes,
measured streamflow rates at defined nodes in the simulated river
system, and the HEC-5 program, model simulations are conducted for each
analysis period contained in the historical record. Reservoir drawdown
times and maximum river crossing site flow rates are recorded in a
summary table for each specified location based on the drawdown
strategy chosen.

As an example, if forty-one years of monthly historical streamflow
records were used to define the base line system and a winter season
analysis period (December, January, and February) was selected for the
drawdown evaluation, forty computer model simulations would be required
for each drawdown strategy to establish the statistical distribution of
probable drawdown times and maximum river crossing site flow rates. If
the drawdown strategy involved two reservoirs and three river crossing
sites, the Symphony program would be used to define the average
starting reservoir storage volumes for each reservoir over the forty
winter seasons, and the HEC-5 program would be used to simulate the
selected drawdown strategy. Forty drawdown times would be calculated

for each reservoir, and forty maximum flow rates would be determined
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for each crossing site; these values would be recorded in a summary
table and evaluated statistically.

The final step is to statistically evaluate the summarized
dravdown results using the SAS program and Proc Univariate analysis
option. The key parameters provided by this option include the mean,
standard deviation, and skewness. These three statistical moments
characterize the drawdown results in terms of central tendency
(probability about a central value), variability, and degree of
asymmetry for the distribution. These statistical values, along with
the corresponding frequency tables, will be used during the fifth phase
of the RAMBO procedures to quantify the drawdown results and generate
the battlefield assessment planning graphs (the final analysis

product).

Phase V
The fifth phase of the RAMBO procedures, depicted in Table 6,
entails the development of the graphical end products (battlefield
assessment planning graphs) which summarize the key military planning

requirements associated with a particular reservoir drawdown strategy.

These graphical decision aids consist of two analysis products, a
frequency histogram and a cumulative frequency distribution; both are
generated for the drawdown time and maximum flow rate results. The
significance of these products is directly attributable to their value
for making statistical inferences, i.e., incorporating the concept of
probability into the military decision-making process.

As an example, using the frequency histogram of drawdown times

(continuous variable) and the concept of probability relating to
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relative frequency, the military planner could assign a specific
probability of occurrence for a particular range of drawdown times.
This probability could be incorporated into contingency plans and used
to determine the expected time frame in which key downstream locations
would be vulnerable to enemy-induced flooding based on estimated enemy"
advance rates and projected strengths of friendly forces. The same
form of information could be acquired from the cumulative frequency
distribution for drawdown times since it represents a continuous
projection of the data incorporated in the histogram; both graphical

products are useful because they display synonymous information in two

Table 6. Phase V requirements: Battlefield assessment planning graphs

1. Develop frequency histograms for the reservoir drawdown strategy
results.

a. Utilizing the frequency tables generated during the Phase IV
analysis, select an appropriate class interval for both the
drawdown time and flow rate results. The number of class
intervals typically falls between five and twenty and is based
on the range of measurements.

b. Construct a frequency histogram for both drawdown variables
plotting the class intervals on the horizontal axis and the
respective frequencies on the vertical axis.

c¢. Annotate the frequency histogram with the following
distribution characteristics: the mean, standard deviation, and
quartiles.

2. Develop cumulative frequency distributions for the reservoir
drawdown strategy results.

a. Utilizing the frequency histogram for both drawdown variables,
construct cumulative frequency distributions.

b. Plot cumulative (relative) frequency on the vertical axis
and variable range on the horizontal axis.

3. Evaluate the battlefield assessment planning graphs utilizing
statistical inferences and relate the resultant probabilities to
contingency OPLAN analyses.
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distinct formats.

Probability becomes the mechanism for interpreting the reservoir
drawdovn strategy results and applying these statistical inferences to
alternative courses of action during contingency OPLAN analyses; these
courses of action reflect the expected responses, under drawdown
conditions, rather than educated guesses by the military planner.

The battlefield assessment graphs represent a valuable planning
resource for the Army; they are a significant improvement over current

drawdown analysis capabilities.

MILITARY BENEFITS OF THE RAMBO CONCEPT

The military benefits of the RAMBO analysis procedures are
threefold: (a) the RAMBO concept integrates computer modeling
techniques and statistical methods providing a powerful analysis tool,
(b) the concept is applicable to contingency OPLAN analysis as well as
war gaming simulation studies, and (c) the technique is site
independent facilitating its utilization in any military theater of
operation.

The current military technique for evaluating reservoir drawdown
strategies is limited to graphical and backward step analysis methods.
Both procedures assume a linear approximation for reservoir discharge
rates; however, they are not physically based and do not account for
inflow conditions into the river basin system. Additionally, neither
method properly accounts for the interrelationships existing between
reservoirs in a complex river system (parallel and tandem operation).
These analysis techniques are a poor approximaticn; at best, they force

the military planner to validate contingency planning guidance based on
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very risky drawdown assessments.

The RAMBO concept provides both the computation and speed benefits
associated with computer model simulation techniques. The analysis
procedure, incorporating both the physical and hydrologic
characteristics associated with reservoir discharge rates, travel
times, inflow rates, and diversion/return flow networks, can evaluate
any complex river system. The concept enables the military planner to
evaluate drawdown times and crossing site flow rates in a probabilistic
fashion allowing risk to be factored into the planning process in a
quantified sense. Utilizing the RAMBO concept, engineer river crossing
assets can be allocated at specific sites based on an expected range of
flow rates, while drawdown times can be factored into offensive or
defensive planning techniques and force disposition strategies.

The RAMBO procedures have applicability in war gaming simulations
(tactical exercises without troops) and military service schools
(Command and General Staff College and Army War College). Battlefield
assessment planning graphs could be developed for selected theaters of
operation enabling military reservoir operations to be incorporated
into simulated battlefield war gaming scenarios. This would enable
military officers to evaluate the utility of drawdown operations as
they relate to both offensive and defensive strategies. Additionally,
military service schools could integrate the procedures in classroom
training exercises allowing students to evaluate the consequences of

alternative reservoir drawdown strategies on battlefield operations.
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CHAPTER IV

KOREAN CASE STUDY

HISTORICAL PERSPECTIVE

Historically, the Korean Peninsula has been a site of tension and
military conflict; the Peninsula remains one of the most heavily armed
and fortified regions in the world. PFollowing World War II, the
country of Korea was politically divided into two sectors by a joint
Soviet-United States commission. Soviet influence on the Peninsula
ultimately led to the formalized division of the country in 1947.

North Korea chose a Marxist socialism form of government as opposed to
that of a parliamentary democracy in South Korea. In 1950 the North
invaded the South and attempted to unify the entire Peninsula and place
the population under communist rule. The effort was almost successful;
however, with the assistance of the United Nations Command the South
vas able to gain back its lost territory. In 1953, the conflict was
hastily brought to a halt with the establishment of an armistice
agreement at Panmunjom. Both sides agreed to a cease fire under the
supervision of the United Nations, and a military demarcation line was
established along with a four-kilometer wide Demilitarized Zone (DMZ)
to help foster the cease fire and reduce tensions (Bunge, 1981b).

Since the end of the Korean conflict, the major external threat to
South Korea's national security has continued to be communist North
Korea. Although the 1953 truce was designed to end hostilities,
espionage and hostile provocations have become permanent features of

inter-Korean relations. During the past thirty-one years over 354,000
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truce violations have been claimed by the two sides indicating that the
truce did not signal the end of the conflict between the North and the
South.

The possible outbreak of another conflict as well as infiltration,
espionage, and sabotage are threats to South Korea and well within the
realm of possibility. Throughout the decade of the 1970’s and

continuing into the 1980’s, the North Korean armed forces have remained

deployed in an offensive posture despite their claims to the opposite.
Military analysts have monitored their defense expenditures and

reported that between fifteen and twenty percent of the nation’s gross

national product is spent on military development. This has led to a
military build-up that has approximately doubled the size of the
country’s ground attack forces, rating them as the fifth largest armed
force in the world. North Korea remains self-sufficient in ground
armaments and is considered capable of launching a surprise attack that
could be sustained for approximately thirty days considering the size

of the nation’s current military stockpile (Bunge, 198la).

MILITARY ASSESSMENT

The Han River Basin (HRB) was chosen for the case study because of
a strong U.S. commitment to the security of South Korca and the
significant hydraulic warfare potential posed by the system of seven
reservoirs along the North and South Han Rivers (Figure 12). Under
normal conservation operation, the HRB reservoirs maintain
approximately 6.4 billion cubic meters of storage volume, with forty
percent of this volume contained above the gated spillway levels.

Graphic portrayais of the reservoir storage volumes are depicted in
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# Reservoir Max Water Max Water Conservation Conservation % of Max i.of Conservation
Name Level Voluwme Water Level Volume Volume Above Voluse Above
(M) (CH x 1000) (M) (CM x 1000) Spillway Spiliway
1 Hwachon 183.0 980000 181.0 905000 33.7 28.2
2 Chunchon 104.9 215000 103.0 150000 82.6 75.1
3 Soyang 188.0 2900000 193.5 2490000 31.4 20.1
4 Ules 13.4 102234 71.5% 80000 99.5 99.3
5 Chongpyong $2.0 203914 51.0 187000 73.0 70.6
6 Chungju 145.0 2625000 141.0 2330000 58.1 52.8
7 Paldang 29.5 430000 25.5 252000 87.8 95 .7
Tatal 7456168  ~---- 6394000 48.5 39.9

Figure 12. Map of the Han River
reservoirs and their

Basin, Korea, depicting the seven main
associated storage volumes

Figure 13 with columns representing the associated maximum and

conservation volumes listed at the bottom of Figure 12. Spillway

levels for each of the seven reservoirs are located in the center of
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the graph (horizontal line) and serve to highlight the tremendous

potential for induced flooding existing in the river basin.
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Figure 13. Graphical portrayal of the maximum and conservation
storage capacities for the Han River Basin reservoirs.
The complex reservoir system within the HRB must be considered a
potential target of a North Korean invasion, because the majority of
the U.S. and South Korean armed forces are deployed in the region
forwvard of the North and Lower Han Rivers up to the DMZ. The rear
areas throughout this defensive pocket are bordered by the Han River,
one of two major water obstacles in the region. Although enemy-induced
flooding of the Han River would not impact on mobility or
trafficability along the three principal invasion routes into Seoul,
the floodwave could be used by North Korea in an attempt to sever lines
of communication across the river, flood both military targets and
civilian populated areas, damage agricultural lands, and reduce

hydroelectric peaking power potential. Any or all of these potential
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impacts could be overwhelming to South Korea during defensive combat
operations.

A defensive measure to preclude this threat consists of drawing
down selected reservoirs to safe stages, thus reducing or eliminating
the potential impacts of enemy-induced flooding. Six reservoir
dravdown strategies were investigated as part of this case study, with
analyses focusing on the upper three reservoirs along the North and
Soyang Rivers (Hwachon, Chunchon and Seyang), chosen because of their
large storage volumes and proximities to the DMZ. The reservoir
drawdown scenarios were selected based on a winter attack scenario,
covering the time frame from December to February. During the winter
period the terrain becomes frozen, enabling armored and mechanized
forces to deploy on a wider front.

Forty-one years of historical records were used for the computer
model simulations to establish a distribution of drawdown times for
each reservoir. These drawdown times were a function of statistically
derived inflows and water surface starting elevations, downstream water
supply and irrigation withdrawal flows, spillway and conduit rating
curves, and specified maximum flow rates at downstream control point

locations.

CASE STUDY ANALYSIS

This section describes the application of the RAMBO analysis
procedures to the Han River Basin study area. To aid in cross-
referencing, the structure of this case study parallels the methodology

developed in Chapter III.
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Phase I: Military Staff Input

Military Area of Operation

The Area of Operations (AQ0) selected for the case study is located
in the northern section of South Korea. It encompasses the Han River
Basin and the lower part of the Imjin River Basin. The terrain is
rugged and compartmentalized due to numerous mountain ranges; these
topographic features form well-defined avenues of advance throughout
the region. Three principal invasion routes exist in the A0, all
directed towards the capital city of Seoul. The invasion routes
include the Western Corridor, the Central Corridor, and the Chorwon
Valley. All three routes represent high speed avenues of advance
capable of supporting both mechanized and armor attack forces. Valley
valls are steep throughout the region restricting vehicular movement to
the valley floor and flood plain areas. Ground surface elevations vary
from sea level on the west coast to nearly 1700 meters msl in the
Taebaek Mountain Range on the eastern divide. Approximately fifteen
percent of the region is cultivated.

The Han River system is the predominant water body within the AO
and encompasses 25,944 square kilometers of land area. The Han River
consists of a North and South branch with the confluence being
approximately ninety kilometers upstream from the mouth of the Imjin
River; the main stem then flows through Seoul into the Han River
estuary. The area drained by the North Han River equals approximately
10,652 square kilometers or forty-one percent of the drainage basin.
The river flows in a south to southwesterly direction from the

headwaters in North Korea to the confluence at Paldang Dam. The area
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drained by the South Han River equals approximately 12,319 square
kilometers or about forty-eight percent of the drainage basin. The
South Han River flows in a northwesterly direction meeting the North
Han at the Paldang Dam. The Lower Han River flows in a west to
northwesterly direction from the Paldang Dam to the Han River Estuary.
The length of the longest water course within the drainage basin is 488
kilometers (U.S. Army Engineer District, Far East, 1981).

The model study should include the seven major reservoirs along
the North and South Han Rivers and the Soyang Tributary (Table 7).
Analyses should focus on the upper three reservoirs within the system
(Hwachon, Chunchon and Soyang) because of their proximity to the DMZ,
large storage volumes, and direct impact on the forward defensive

strategies throughout the First and Third ROK Army deployment zones.

Table 7. Reservoirs within the HRB

Reservoir Name Grid Coordinate River
Chungju DR 105955 South Han
Hwachon CT 932188 North Han
Chunchon CT 832025 North Han
Soyang CS 960997 Soyang
Uiam CS 836878 North Han
Chongpyong CS 612758 North Han
Paldang CS 482540 Lower Han

Enemy Capabilities

Ground attack avenues of approach leading from the DMZ to the
upper three reservoirs in the river system are both limited and
constricted. Although North Korean ground armaments include
approximately 2600 tanks and 1000 armored personnel carriers, these

routes could not support a major combined attack (mechanized, armor and
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infantry) capable of capturing the dam control structures rapidly
enough to prevent the initiation of South Korean drawdown contingency
operations. The dam control structures for Hwachon, Chunchon and
Soyang are located approximately twenty-five, forty and forty-one
kilometers from the DMZ respectively.

North Korea maintains Special Forces Groups (SFG) specially
trained in sabotage, amphibious operations and special warfare. These
forces, having an estimated personnel strength between 77,000 and
100,000, are deployed both in North Korean rear areas and along the
DMZ. They are capable of conducting air assault (helicopter), airborne
(parachute) and glider drop operations. Special forces elements could
capture key dam structures under a no-notice scenario, potentially
negating a South Korean controlled drawdown contingency operation.

North Korea stations combat fighter units on air bases near the
DMZ. These fighter aircraft are considered capable of delivering
sufficient munitions to damage gated spillway structures. It is not
clear if an enemy attack could be delivered with sufficient force to
create induced flooding at downstream locations below the upper three
reservoirs.

North Korea maintains approximately 4000-5000 artillery guns and
howitzers. Realistically, considering the range of these weapons
systems, it is unlikely that precision indirect fire operations could
destroy the gated spillway structures on the Hwachon Dam; the other two

dams are outside the effective range of these indirect fire weapons.

Induced Flooding Assessment

Thirteen dam-breach scenarios were developed and evaluated for the
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HRB reservoir system using a combination of individual and multiple
reservoir breaches/releases over a range of initial starting
conditions. The analysis focused on the Hwachon and Soyang Reservoirs
because of their large storage volumes and proximities to the DMZ. The
results indicate that a rcscrvoir drawdown modeling study is warranted
to update current reservoir drawdown procedures and to integrate state-

of-the-art technologies into theater operational contingency plans.

Reservoir Drawdown Contingency Strategies

Six reservoir drawdown strategies were identified for evaluation
(Table 8) based on contingency planning guidance. During reservoir
drawdown. Chunchon Dam should be kept at its maximum safe level to
maintain the obstacle value of the reservoir. With this one exception,
all other downstream reservoirs should serve as reserve storage

locations for emergency releases from the upstream dams. The

Table 8. Reservoir drawdown strategies identified for evaluation
Strategy A - Slow drawdown of the Hwachon Reservoir

Strategy B - Fast drawdown of the Hwachon Reservoir

Strategy C - Slow drawdown of the Soyang Reservoir

Strategy D - Slow drawdown of the Hwachon and Soyang
Reservoirs during a simultaneous operation

Strategy E - Fast drawdown of the Hwachon and Soyang
Reservoirs during a simultaneous operation

Strategy F - Fast drawdown of the Hwachon, Soyang, and
Chunchon Reservoirs during a simultaneous
operation

reservoirs should fill in order, proceeding in a downstream direction

from the DMZ. All downstream reservoirs should continue to meet
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hydropower, water supply, and irrigation demands during drawdown
operations.

Flooding of military facilities, populated areas, and farming
regions is not considered acceptable during slow drawdown operations.
The specified reservoir(s) must be emptied to the spillway level as
quickly as possible, but at the same time, drawn down at a rate that
will not impact on activities along the river system. Flow rates can
not exceed 5000 cubic meters per second at any specified river crossing
site.

Flooding along the river system is considered acceptable during
fast drawdown operations. With fast drawdown, the specified
reservoir(s) are considered in imminent danger, necessitating the
evacuation of all water storage above the spillway level as quickly as
possible (up to maximum discharge) without regard for facilities,
populated areas, and farming regions throughout the downstream
floodplain area. Aithough fast drawdown strategies are designed to
optimize the time required to lower reservoir stages to the spillway
vater level, river crossing sites must still be operational at all

specified locations.

River Crossing Sites
The Indogyo river crossing site (Seoul) will be the only site
included in the reservoir drawdown study. The maximum permissible flow

rate for this site is 5000 cubic meters per second.

Phase II: Data Collection

Data collection checklists for the HRB drawdown study are included
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as appendices to this report. These checklists include reservoir
(Appendix A), control point (Appendix B), hydropower (Appendix C), time
series inflow (Appendix D), and map & basin (Appendix E). The
checklists describe the river system in both quantitative and

mathematical terms.
Phase III: Computer Model Formulation

Logic Network

A logic network (Figure 14) was created for the HRB which
simplified the complex river system into control points (reservoir and
non-reservoir), diversion and return flow paths (water supply and
irrigation), and river channels (main and tributary). The map and
basin checklist (Appendix E) identified both existing and potential
irrigable areas within the basin and served as a focal point for
locating non-reservoir control points and diversion/return flow paths.
All reservoirs within the basin were included in the model study with
the exception of the Koesan Dam. This reservoir contains a very
limited storage capacity, has no operating spillway, and maintains a
generating capécity of only 2.6 megawatts (MW). All control points for
the model network were located on the basis of known demands and

limiting constraints identified within the river system.

System Hydrology Requirements

System hydrology requirements were identified (streamflow and
basin net evaporation) on the basis of historical records maintained by
the U.S. Army Corps of Engineers District, Far East. The time series

inflow data checklist (Appendix D) provided forty-one years of
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historical streamflow records at five gaging locations within the basin
(U.S. Army Corps of Engineers Far East District, 1980). These stream
flow data allowed a multi-year analysis to be conducted utilizing a
fixed monthly time interval. Since the streamflow records represented
natural existing flows without the influence of reservoir regulation,
the HEC-5 program could automatically calculate the incremental local
flows between all control points based on the selection of option
twenty on the J3 input card. No routing was required during the base
line computer model simulations because of the fixed monthly time
interval.

The map and basin checklist identified the monthly net evaporation
rates for the HRB. These rates were used in the model’s hydrologic
balance equation to account for the influence of monthly precipitation
and evaporation on the basin’s reservoir storage volumes. Both
checklists, in conjunction with exhibit 8 of the HEC-5 users manual

(input description), were utilized to complete the following input data

cards:
(1) J3 - output and flow options (data field 6)
(2) J6 - basin monthly evaporation (data fields 1 thru 12)
(3) BF - beginning of flood (data fields 1 thru 9)
(4) IN - inflows or local flows (data fields 1 thru 14 repeated

for 41 years of streamflow records)

Reservoir Characteristics and Operating Criteria
The third step in the model formulation process defines the basic
reservoir characteristics and operating rule curves for the river

basin. These basic characteristics included (1) capacity-elevation
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curves, (2) area-elevation curves, (3) combined outlet capacity rating
curves, and (4) monthly net evaporation rates. The reservoir
checklists (Appendix A) contained all the necessary input data to
define the basic features highlighted above for the HRB system. These
characteristics are an extremely important element in the modeling
process because they define the physical operating features of the
reservoir. All storage and release computations throughout the model
simulation are based on the interrelationships established between
these input data components; some examples include the following: (1)
the outlet capacity rating curve determines the maximum possible
release at any given reservoir storage level, (2) area-elevation curves
along with net evaporation rates are required in order to calculate the
total surface evaporation during model simulations, and (3) capacity-
elevation curves are necessary during hydropower simulations to
calculate available head for power generation.

The operating criteria for all reservoirs was specified utilizing
five storage index levels which defined the inactive, buffer,
conservation, flood control, and top of dam storage pools. These pool
levels determined the appropriate reservoir release rates for each
reservoir in the system based on a series of constraint equations and
operational priorities defined in the computer code. Reservoir release
constraints included (1) low flow conservation operations, (2) minimum
release constraint, (3) maximum release constraint, (4) flood control
operations, and (5) user specified releases. These constraints
determined the type of release that could be made based on the current

reservoir operating level. The operational priorities were used in




conjunction with the release constraints to keep all reservoirs in
balance (all reservoirs at the same index level) throughout the river
system. These priorities could be adjusted prior to a model simulation
(J2.4 card) based on user designed input selections. Although each
reservoir in the HRB was operated to meet specified targets at
downstream contrcl points, all relcases were a function of the
operating level at the beginning of the time period, specified storage
index levels (operating rule), reservoir release constraints, and
selected operational priorities.

The rule curve option in the HEC-5 model was not used during the
HRB model simulations. No data were available to define rule curves
for the ressrvoirs in the system.

The following reservoir input data cards were completed for each
of the seven reservoirs modeled in the HRB using the reservoir
checklists and Exhibit 8:

(1) RL - target levels (data fields 1 thru 7)

(2) RS - storage capacities (data fields 1 thru 10)

(3) RQ - outlet capacities (data fields 1 thru 10)

(4) RA - areas (data fields 1 thru 10)

(5) RE - elevations (data fields 1 thru 10)

(6) K3 - net evaporation (data fields 1 thru 12)

(7) J1 - storage allocation (data fields 1 thru 9)

(8) J2 - operational parameters (data field 4)

Hydropower Characteristics and Operating Criteria
The fourth step in the model formulation process entails the

integration of hyvdropower plant operating characteristics and at-site
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pover requirements into the input data deck. All seven reservoirs in
the HRB were designed to operate for hydropower. Their basic operating
characteristics, peaking capability, and monthly at-site power
requirements are included in the completed hydropower checklist
(Appendix C). Basic powerplant operating characteristics include (1)
installed generating capacity, (2) overload ratio, (3) powerplant
efficiency, (4) penstock discharge capacity, (5) fixed head loss, and
(6) average tailwater elevation. Maximum power generation for each
reservoir is limited by the overload ratio and generating capacity,
while maximum powzr release is limited by the penstock discharge
capacity. The hydropower release priority established for the model
simulations insured that primary power releases would be made as long
as reservoir storage levels were above the inactive pool level.
Additionally, if flooding was occurring at any downstream location,
power releases would not be allowed that would contribute to that
flooding. In all cases, if sufficient storage existed to allow the
proper hydropower release and this release did not violate any
constraints or operational priorities, then this release would
represent the minimum required flow for that reservoir during the time
period.

The following hydropower input data cards were completed for each
of the seven reservoirs modeled in the HRB using the hydropower
checklist and Exhibit 8:

(1) Pl - powerplant characteristics (data fields 1 thru 8)

(2) P2 - second hydropower card (data fields 1 thru 2)

(3) PR - hydropower energy requirements (data fields 1 thru 14)
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(4) PQ - hydropower releases (data fields 1 thru 10)

(5) PT - hydropower tailwater (data fields 1 thru 10)

(6) PP - hydropower peaking capability (data fields 1 thru 10)

(7) PS - hydropower storage versus head (data fields 1 thru 10)

(8) PE - hydropower efficiency versus storage (data fields 1

thru 10)

Control Point Characteristics

In the fifth step of the process, control point characteristics
(demands, channel capacities, area ratio factors, and minimum
required/desired flow rates) are incorporated into the input data logic
network. These characteristics establish constraints and target values
throughout the river system and are used by the program to operate
reservoirs and regulate streamflow rates. Non-reservoir control points
wvere established on the basis of three constraints: (1) maximum
nondamaging flow, (2) minimum required flow, and (3) minimum desired
flow. These limiting conditions determined both the acceptable upper
and lower limits for streamflow rates during model simulations.
Reservoir control points were limited by two constraints: (1) maximum
nondamaging flow rates, and (2) hydropower releases. Minimum required
and desired flows for all reservoirs were met if reservoir releases
satisfied monthly hydropower requirements. Water supply and irrigation
demands were specified for one reservoir and five non-reservoir control
points within the network and were based on monthly forecast schedules
compiled for the HRB.

The control point checklist provided all the necessary data

to complete the following input cards for the HEC-5 model:
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(1) CP - control point card (data fields 1 thru 6)

(2) IN - identification card (data fields 1 thru 4)

(3) Cl - area ratio factor (data fields 1 thru 4)

(4) DR - diversion data for control point (data fields 1 thru 9)

(5) QD - diversion flows (data fields 1 thru 13)

(6) QM - minimum desired flows which vary monthly (data

fields 1 thru 12)

Reservoir Operation Points

The final step in the model formulation process incorporates the
downstream control point operating policy into the model network. The
reservoir operation points selected for the HRB system were identified
on the basis of two factors: (1) reservoir purposes and {2) control
point demands (flood control channel capacity and minimum
required/desired flows). The Chungiu and Soyang multipurpose
reservoirs were both constructed to meet water supply, irrigation, and
flood control demands at downstream locations; they represent the only
multipurpose reservoirs in the river basin. Chungju reservoir was
designated to operate for non-reservoir control points 05 and 15, while
Soyang reservoir was specified to operate for non-reservoir control
point 25. Both reservoirs were designated to operate for reservoir
control point 70 (Paldang Dam) since this reservoir provides eighty
percent of the water supply for Seoul. The Soyang Dam was allowed to
operate through two downstream reservoirs (Uiam and Chongpyong) because
neither of these reservoirs operated with a flood control storage pool.
The Paldang Reservoir was operated to meet all demands at non-reservoir

control points 35, 45, and 55 along the Lower Han. The three run-of-
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the-river hydropower reservoirs (Chunchon, Uiam, and Chongpyong) and
the Hwachon reservoir were not designated to operate for any downstream
control points since their only function was to meet at-site powver

demands. All reservoir operation points were input using the RO card.

Phase IV: Reservoir Drawdown Analysis

Model Verification

The HRB model simulations were based on a multi-reservoir system
operating strategy that included a mixture of both parallel and tandem
reservoir subsystems. The model was operated to meet water supply,
irrigation, and hydropower demands at thirteen control points in the
basin. Model checks were made to (a) insure that the input data deck
vas set up properly and contained the proper job control cards, (b)

insure that the computer-generated natural and incremental local flow

values were reasonable and accurate, and (c) verify that the computed
reservoir minimum and maximum stage levels did not exceed specified
limits during model simulations. Problems were discovered in the
computation sequence used to determine the minimum and maximum
reservoir stage levels. The HEC-5 program (January 1985 version)
allowed HRB reservoir stage levels to exceed surcharge storage
capacities resulting in overtopping flow conditions. These programming
errors were corrected by the Hydrologic Engineering Center in August
1985. Reservoir stage levels and natural/incremental local flow
values, checked with the corrected program code, were both reasonable
and consistent with expected results. At this juncture the HRB

reservoir system model was classified fully operational.
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Base Line Operating System

Because historical reservoir stage levels were not available for
the HRB, the HEC-3 program wvas utilized to simulate these values based
on forty-one years of measured streamflow data. Twelve operating
strategies were evaluated based on the criteria that they maximize
system hydropower production while minimizing water supply shortages
over the historical period of record. The strategy providing the
optimal results was selected as the base line system; this strategy is

included as Appendix F.

Starting Reservoir Storage Volumes

The analysis period selected for the HRB reservoir drawdown study
vas based on a winter time frame (December, January, and February)
because of the favorable trafficability conditions occurring throughout
the basin which would tend to support a large-scale mechanized North
Korean offensive. The reservoir storage volumes generated with the
base line system were averaged over this three-month period (forty
values for each reservoir) utilizing the Symphony program. The
spreadsheet option of this program provided easy data entry and
manipulation facilitating the analysis process. Table 9 represents the
starting reservoir storage volume matrix developed for the HRB case
study. This matrix depicts the average simulated storage volumes for
each reservoir in the basin based on a winter season and a forty-one
year historical record. These storage values will be used to simulate
the starting wvater surface elevation in each HRB reservoir during the

subsequent drawdown analysis.




Starting reservoir storage volumes for the HR

(All storage volumes are in cubic meters x 107)

Table 9.
Chungju
Cp 10
Year

1 849999
2 1173454
3 1139095
4 1497729
5 1295969
6 1591763
7 1594652
8 510000
9 2189295
10 2195840
11 2135942
12 1935188
13 1406367
14 1809965
15 2296817
16 2154020
17 2034263
18 2182454
19 1775112
20 2395175
21 2027533
22 1965290
23 510000
24 1694322
25 1422973
26 1600317
27 2295720
28 1877999
29 1565893
30 2182675
31 1684261
32 1534968
33 1751058
34 1580339
35 2068346
36 1678469
37 1464560
38 1704252
39 1823477
40 1892970

Reservoir Name and Control Point Number

Hwachon Chunchon Soyang

cp 20

668101
561308
308251
779905
277000
710940
747787
277000
901952
880554
768151
504383
667771
713520
877561
901710
822093
821286
715543
888133
833651
594238
277000
832881
653027
596163
843417
791498
666651
870519
747002
502052
741876
651167
733395
661343
859442
550465
807852
764741

CP 30

89821
89821
89821
89821
89821
89821
89821
89821
89821
91011
89821
89821
89821
89821
89821
97797
89821
89821
89821
119087
89821
89821
89821
89821
89821
89821
89821
89821
89821
99817
89821
89821
89821
89821
89821
89821
94343
89821
89821
89821

Cp 40

1770620
1198423

650001
1137114

650001
1239372
1188286

782604
2331619
2361151
2476182
2418910
1828951
1637605
2399491
2077364
2394245
2343039
2064979
2580583
2290130
2400156
1380849
2232847
2185777
2155645
2349235
2271422
1942283
1923315
2272198
1926732
2368578
2092851
2314521
1938181
2284576
2407601
2325017
2383681

Uiam Chongpyg Paldang

Cp 50

22642
22642
22642
22642
22642

22642

26644
41761
23318
41761
22642
32265
24710

22642 -

23050
78640
41761
22642
22642
41761
22642
41761
67631
22642
22642
22642
22642
22642
22642
71811
22642
22642
22642
22642
22642
22642
24331
22642
22642
41761

CP 60

105000
105000
105000
119819
105000
107151
121145
132333
156246
150096
105000
105311
136943
120662
154379
187000
129971
113601
108175
177795
114241
121852
176004
105000
105000
105000
135257
105000
106326
187000
105000
105000
105000
105000
105000
131341
187000
105000
105000
132333

CP 70

256000
256000
244000
262000
244000
257250
256000
244000
262000
262000
256000
256000
262000
262000
262000
262000
256000
262000
262000
262000
262000
256000
250000
256775
256000
256000
262000
262000
256000
262000
256000
256000
256000
256000
262000
262000
262000
256000
256000
256000

58
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Drawdown Time and Crossing Site Flow Rate Analysis

Computer-simulated reservoir drawdown operations can be considered
analogous to a specially designed flood control study. The
reservoir(s) selected to be drawn down can be forced into a flood
control evacuation mode by repositioning the top of conservation
storage index level (TOC) to the spillway crest elevation; any storage
volume above thc TOC will automatically be released based on reservoir
operation criteria and priority release conditions defined in the HEC-5
program. Under these criteria and release priorities the model will
evacuate this storage volume (now considered in the flood pool) as
quickly as possible without exceeding designated channel capacities at
downstream locations (river crossing sites).

Utilizing the reservoir storage values in Table 9 as the initial
conditions throughout the basin, the river crossing criteria
established at the Indogyo site, and the appropriate drawdown strategy
(slow or fast release constraint), computer model simulations were
conducted for each year in the historical record to establish a
statistical data base of drawdown times and crossing site flow rates.
This procedure was repeated for each of the six reservoir drawdown
strategies defined in Table 8, requiring a total of 193 simulations to
complete the analyses. Detailed drawdown results for the HRB study

will be presented in the next two sections.

Statistical Analysis of Reservoir Drawdown Results
The SAS program (Proc Univariate option) was utilized to
statistically evaluate the drawdown results for each of the six

strategies. The statistical analysis for both the drawdown time and
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crossing site flow rate results are depicted below in Tables 10 and 11,
respectively. These values along with the frequency tables provided by
the SAS program were used to develop the battlefield assessment
planning graphs in the next section.

Table 10. Statistical analysis of drawdown time results
(all times are displayed in hours)

Strategy A Strategy B Strategy C
Hwachon (slow) Hwachon (fast) Soyang (slow)

Mean 67.05 57.85 111.30
Std Dev 53.69 43,37 99.29
Skewness - 0.06 - 0.04 0.07
Quartiles

Ql (25%) 1.0 1.0 0.0

Q2 (50%) 78.0 78.0 128.0

Q3 (75%) 113.5 96.0 201.5

Q4 (100%) 146.0 110.0 310.0

Strategy D Strategy E Strategy F
Hwachon Soyang Hwachon Soyang Hwachon Soyang Chunchon
(both slow) (both fast) (all fast)

Mean 67.05 111.30 57.85 83.73 57.85 83.73 8l1.75
Std Dev 53.69 99.29 43.37 69.71 43.37 69.71 37.56
Skewness - 0.06 0.07 - 0.36 -0.26 - 0.36 - 0.26 - 0.35
Quartiles

Ql  (25%) 1.0 0.0 1.0 0.0 1.0 0.0 36.0

Q2 (50%) 78.0 128.0 78.0 117.0 78.0 117.0 102.0

Q3 (75%) 113.5 201.5 96.0 147.5 96.0 147.5 114.0

Q4 (100%) 146.0 310.0 110.0 172.0 110.0 172.0 126.0

Table 11. Statistical analysis of crossing site flow rate results
(all flow rates are displayed in cubic meters/second)

Strategy A Strategy B Strategy C

Mean 413.30 614.56 544.90
Std Dev 366.61 957.00 374.56
Skewness 1.76 3.32 0.83
Quartiles

Ql  (25%) 198.7 198.7 176.5

02  (30%) 302.5 303.5 651.0

Q3 (75%) 309.0 309.7 785.0

Q4 (100%) 1620.0 5002.0 1680.0
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Table 11. Continued

Strategy D Strategy E Strategy F
Mean 780.40 1394.17 2068.57
Std Dev 561.83 1343.74 1777.47
Skewness 0.48 0.97 0.46
Ql  (25%) 248.2 248.2 305.2
Q2 (50%) 820.5 1112.5 1970.5
Q3 (75%) 1156.0 2114.0 3458.0
Q4 (100%) 2215.0 5002.0 5002.0

Phase V: Battlefield Assessment Planning Graphs

The battlefield assessment planning graphs represent the end
products of the RAMBO analysis procedures. They graphically summarize
the reservoir drawdown strategy results in a statistical framework
alloving probability interpretations to be incorporated into the
military decision-making process. The statistical distribution for
each of the drawdown variables in the HRB study represents only a
sample (40 values) of the total population. The concept of statistical
inference enables assumptions about the total population to be drawn
based on information contained in these sample sets. Based on Tables
10 and 11 above and the frequency tables generated by the SAS program,
frequency histograms and cumulative frequency distributions were
developed for both variables (drawdown time and crossing site flow
rate) for each of the six reservoir drawdown strategies. The
battlefield assessment planning graphs for each drawdown strategy are
depicted in Figures 15 through 30.

The military planner can utilize these graphical products to
incorporate reservoir drawdown contingency planning into the OPLAN
analysis process. As an example, Figures 15 and 16 represent the

results for Reservoir Drawdown Strategy A (slow drawdown of Hwachon
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Reservoir). From these planning graphs the military staff officer
could infer that the expected drawdown time, i.e. the mean, for Hwachon
Reservoir in any given year (under a winter attack scenario) would be
67 hours and the resultant flow conditions at the Indégyo crossing site
would be 413 cubic meters per second. He could also infer that there
is a 75% probability that the drawdown time will be less than 113.5
hours. The staff officer could use this information to forecast
engineer equipment requirements at particular crossing sites and
establish force dispositions to defend against capture of key dams

during drawdown operations.




63

29t vbl 821 BO? 06 2S£ ¥S5 9E BI 0.

_ (3ybTI) UOTINQTIISTP

Aousnbaaj saTjeTnUND pue (33o91) wexboasTty Aousnbaxl ‘weq uoyoemH

I0J SawWI]l} umopmeap DBurlordep (ATOAISSIY UOYOBMH JO UMOPMEBIP MOTS) V
Kbajeals umopmeaqg atoaxasay aojF sydeab butuueld jusussasse plorisllzed - GT 2Inbrd

(SHNOH) 3WI1 NMOOMVHC
291 vp1 927 801 06 2/ vS QE 81 0

(SHNOH) 3WIL NMOOMVYHO

o > 7 7 AT ‘ /] B _JJ\. L/ O
) s ot RO I IR N D
1° H \\\\\U 7 s W . ) :
S o [ N I O SRR T D N
AP WLy AN EEEE PN B N
_— 2" I P .
{8 8 v
— f eV . .
\\\: g oo .
- e =
P 0 B
s d ,
/ i
- ‘ T Dﬁ
> lw,
\\ H 4
B / L -
\\\ 1 S
< l\ .
7 B 7
\\\\ n ) 7 —t Vi
p 6 W 915+ NV3HW 915~
7 " ; e ]
n XGL X0G G2
y ‘13 e s

>

L Twoc 3wz o




64

(3ubta) uvOTINQTIAISTP

Kousnbaaj eArjeTnUND pue (339T) weaboisty Aouenbaiy ‘oAbopul I03J sa3el

MOT3J 2371S burssoao buriordep (ITOAISSDHY UOYDEMH JO UMODMEID MOIS) VY
Abojer3s umopmelqg aAroaxasay aoj sydeab butuueld juswussasse pTaTIarized 91 2anbtd

(OF X SW3J) ILVHMOTId WNWIXVH (0F X SW3) 3LVHMOTI WNWIXVK

29% bvP 921 B0} 06 2. vS 9E 8 0. ey vl 92 8OV 06 e s 9E Bl O ;
| Yzz47 e
| Ay e
-1 \\\\ .v&\\\“xkxv
\ ! 74 wiﬁw>_wkr
N ’ H V,./\\..,A x . >
m x>1 7% o
.V ./\\ y 1 N
€ >
g xVWMA A
.0 4 4 n
v KK
H ‘mvw lgro
m ’ Q /&_ -+ M
NS N
. w /VVV/\“ T Om .um
w > /W\ <4
I (O] 4 ve
L) S
m - < LN — T n | mm
e 3 9IS+ NV3W 915~
/] n ——r
/ n XS/ %G2
= A . 12%0) o




65

(3ybTa) UOTINQTIISTP

Aousanbaxjy sarjeTnuno pue (33a91) wexaboasty Aousnbsal ‘weq uoydemH

I0J sawWIl umopmeap burlordep (ATOAISSEY UOYOEBMH JO umopmelp 3sel) d
KAbsjex3ys umopmeaqg aroaxsssy 1o3j sydeab Hurtuuerd jJusussssse prariarijed LT 2anbry

(SBNOH) 3WI1 NMOOMVYHO
06c¥ G071 06 GL 09 GSP OE GI 0

(SHNOH) 3WIl NMOOmvHO
0ct S0F 06 G4 08 Gy Ot Gt 0.

O > > 7 A VST M,\ ~r “ \ﬁ 77 o
.h. \\.\\\M\. \\W‘V\\ ) X\..w. * r\«\,\ ﬁ( 2 . ﬁ\w \\\ y
.“ . H .\ \\\\.\ \\A. . ) ... . |
2| \\\“ .\m..). ) v . V 1 HA c
N . H \ \\\\ WA/; .\t «/...\/ ) - ’ ﬁ . .\\\\
P Nl 4 Vb v
m \\\\“ \\\. v. / ..v\. y -~ 4 7 B V
\\ € v "/ \\L \/\/x,,.,\ . ) \\y \\\. \\
— ¥ Sl o
/ v 0 o S ] - xS
\/ e T A s
—— H VR IGN I A
/ g ¢ < b, 4 g
/ .
.3 L
\\ w > <\\ "3 Oﬂ
I S
Wy, : <
\ Ly DU -] 4
v
B 1
7 : ﬁ 4 ol
5 W 9IS+ NV 3N 9IS
T T L
\\ n %G/ %05 %52
1. T2

L @TWoDOwZzo >



66

(3ybTa) UOTINQTIISTP
Kousnbai3y aarjernundo pue (33°971) weabolsty Aousnbeijy ‘olbopul I03J sajel
MOTJ ©3TS burssoao hHurjzotdop (ITOAIOSDY UOUDBMH JO umopMmelp 3sel) d

Abojeals umopmelq Atoarssay ao3 sydeab butuuerd jusussasse prariarilzed -8T 2aInbryg

(0F X SWI) 3ILVHMOTId WANIXVH (OF X SWJ) 3LVYHMO 14 WNWIXVW

GOS v OV E0E 202 107 0 505 vov EOE 202 107 0
.O> . + tzz14 | ) § S Ara PN 0
o SR
H . H.\.,\,.u1 m A
2] AN
H . ,\w. cl N
e 9 T3
\ v L H 93 n
. 8 S|
“ "o 1020
H Lot 3
5 4 4+ ved
T 3
) . 482
9" 5 T
LA S 2e
L1 . _
¥ 1 NV 3N
8w 9IS+
17
[ & %05
: z &ml
| B 2]




67

(3ybTa) UOTIAINQTIISTP

Aousnbaal sarjernuno pue (339T) weaboisiy Aousnboaiail ‘weqg buelos

I03J sawTl umopmeap buriordsop (aTOAI9S9Y HBurAos JO umopmeap MOTS) D
Abejea3s umopmeaqg artoaxasssy oz sudeab purtuueTd jusussasse piaTjisllaed

(SHNOH) 3WIL NMOOQMVHO (SHNOH) 3WIL NMOOMYHQA

‘6T @2anb

T4

p2E BB2 2S2 912 087 ¥PT 80T 2/ 9E O veE B88B2 252 9712 08F vPT BOVY 24 9E O
"0A YO G Ok TR (A Iy Sy are 0
L AT T
e 971 ) N S B B
7 o S
| 2! I RN (e
g o ]
- < T/ \,\. N \;
£ O .
g (X M 9
e . O w\‘// 7 > -
4 RS R
_\\ v m / N \A .ﬂ\\‘\\.T m
\\\\L m.a . .WN
¥ .3 01
/ 3 <
1]\ ]4ﬁl\: ('\IIJ w : > . \x
\g\ I v+l
R4
1 : Ly o
\ v LT vy
- \ . m ‘ J
n — 1 91
IS SRS S — g — e .I\.\I:FI'I.!DL m * z me+ Z<wz mel
T T T
b n %GL %05 %G2
SNEE St U _— I 19

W @TWwo2DwZo >




68

Adousnbax3y sarjernuno pue (33o7) wexpolsty Aousnboa

3

(3ybta) uor3nqraysip

‘oAbopul 103 sojea

MOTJF 93Ts burssoxo buijzordep (xToAx9s®Yy bueios Jo umopmeap MOIS) D

O

Abajea3s umopmeaqg aroaassay ol sydeab butuuetd juswussesse prorjsi3ivd oz oanb: g
(0T X SWJ) 3LVHMO14 WNWIXVH (0F X SKW3) 3LVHMOTS WONIXVK
PLY 25V EEV vIV G6 9L (G BE BV 0. beb o eSPOERD ﬁm 56 9. (S BC 61 O
e M e \ampy s sl Siind o dindire |
. s el
I3R!
1 y o
2 1 o
8 S
. ¥ S
£ .
.0 .
v H \\\\\#
| m.a (.\m
.3 ‘L
m > 1
| I
L
v "
= m. |.—
] 3 R
6 W 9IS+ NV3WIIS-
|/ n %G/ %05 %52
b1
——] —— 1 - ,“ u e

-]

»

D dd L

. C w 2




69

(3yb1a) uoranqraystp Aousnbsil sATjeTNUND pue (33I37) weabolsTy
Aousnbaal ‘weg uoyoemH I03J SaWT]} umopmelp burjzorusp (uorieaado
snosue3TNUIS B HUTINp SITOAISSaY buekoS pue UOYoeMH JO UMOpMRIP MOTS) d
Abajea3s umopmeig IToaxasay I03 sydeab Hutuuerd jusussasse piar13allized

(SHNOH)
297 vyl 8921 B80T

dWTL NMOUMvVHU
06 24 v5 St

INIL NMOOMVHQ
¥G 9 BT O,

(SHNCH)
c9t vv¥1 921 80F 06 <2/

‘
)
— O
~
<

0 A AT ATy Y T T T T o ¥
N i At o B e R e
VLS SR ST N B B . ‘
- R N : : +c
1 29 SRR SO RS R SR #P,; w
c g » / i u.‘ i
\ / . »w, ) .
— ol R ) \ , P
1 g - ” N
P | ) :
d g b
~ - 1S ! 3
. 3 b
—{s" ) | 1oy .
/ o M
\ h .—| : F. 13
v
S | B 7 )
n " - T 4
\\\\ 6 9IS+ NV 3y aTy
T - - .
n %G/ %05 5
A SR S S A NUN S I ‘10 e =




70

(3ybta) uoranqrajzsTp Aousnbsail sarjeinuno pue (3391) weIbolsty
Aousanbaaxy ‘weq buelog 103 ssury umopmeap burlzordsp (uorieasdo
snosuejlTnUIS B PUutanp satoarasay buelos pue uoyoemH JO umopmelap MOTs) d

Abajzeazs umopmeaqg atoaaasay o3 sydeab burtuueld jusussasse prarisallled 22 aanbry

(SHNOH) 3WIL NMOOMVYHGA
reE B882 G2 9ic 081 vvi BOl <L

(SHNOH) 3IWIL NMOOMVYHO
vcE B82S 262 9te 0BT vyt B0V S£ 9E O,

SN 7 1756 5 R A I T
- - - S B SO | A | o e
J >
- . 2 1 N M
8 R
m . < \\,
1) f
- O - \\‘
T - T v H o
P d
\\\hﬂﬂll 5
. 3
. 4. - J - o] A
v h - H
p— A — e —— Nr = L 1
v
- \Rl’ — e ] ¢ !
V 8 n T e e —
- uk:i:lfx ——t 1B W 9IS+ NV 3
L
ot h N %G/ %04
B e et ‘Lh‘v.ll-n - e ———— e e N " U T T e T ot _

9t

e S SR SR
’

—

9

}

I L

g

T

I BN
P odo

0

CON e e

; . : . A ~
SOURGINEES LSSSUNS ISR SR N S

ISR

N

N

Lo

+0

Cd

-7

w

(e0]

o

qV]
-«

-
~
-l

o]

-

T WO DwWwZo

L




71

(3ybra) uotranqrilsip Aousnbaal sarjernund pue (33a1) weaboisty
Aousanbax3y ‘oAbopul 103 s93ex MOTJ 93Ts burssoad burijzordep (uorjzeasado
SNOdU™3ITNUTIS © BUTINP SITOAISSSY HuerAoS pue UOUOEBMH JO UMOpMBRIP MOTS) d
Aboajeays umopmeaqg aroaxssay ao3z sydeab butuuerd jusussasse piarialliied ¢z 2anbrg
(0T X SW3J) 3LVHMOd WNWIXVK

Geée 002 GL4Fv 06T &2V 00F G4 05 G¢ 0

.

(0T X SWJ) 3LVHMOd WNKIXVHW
Gée 002 GLF 0GY G2T 007 G4 06 Ge O

"0

I

77

1 . W %% VS
AT
&y b R0 s 200

\\kv PR N

N

N

N

i
m
A OO cmHH )M b >
»\
NN
N >
,‘/'\
%%
— _a
/(Y\\/\
R
N
T
NN N
T
hvg

AN
=
>

"\

[N

\u

PN

S

/7

W
7\/ -

N

b
4
.
,\\A w
(/ ’
\i
NN
T
w

i
,
b
N
N
S
\
J

wn
N

] o
\ 3 e
97 A \\\
1 e
) %
v
B
N T T T
- [ , 9IS+ NVIW 9IS-
N 7] m z T T T
\\ n %G/ X06 %Gz
.‘Lﬂ\)\lﬂ[ . ‘10 _

waoTwolduwZI >




72

(qubra) uorangralsTp Aousnbaij sarjelnundo pue (3397) wriabolsty
Kouanbsaj ‘weqg uoyoemH I0J sowT] umopmeap burjotdep (uorijexado
snoauelTNUTS © HUTINp siToaxessay buelog pue uoyoseMy JO uUMmOpMeIpP 3ISRI) 4
Absjeas umopmead I1oaIessy I103J sydeab butuueld jusussasse praTIal3lied

(SHNOH) 3WIL NMOOMVHC (SHNOH)  FWIL NMOOMVHD

*pz 2anbrg

027 SO} 06 G/ 09 Gy OE GI 0 02t S0F ©O6 GZ 08 mw CE &1 0
- \ Y \; . > /.
4 N
1A o i
1 v B B 1
R { = ’ xv\\. ¢
2" I .\\\\\\\ ﬂf . A 2 .
d SN TV
\\\\ o v N\\ WA,;.. ‘ \\ ﬁ. ,
\\‘A H .\u.., >L ” q
- roo Ao |
- H \",\ \
] , m.m L N ! R
\ g 3
\ — A r 4 07
1 .
- Vi i :
L1 L—.L 23
v
I . . . : —18" 7
n R A T ri
R A , 1 6 W 915+ NY W 915
L T
y n X5/ %05 *G¢
“ b - T3 - T T T s T = -

Iz O >

w @© Ww oo




73

(3ybta) uorinqraizsip Aousnbsaiy sarjzernund pue (33971)
wexbolsTy Aouenbaxy ‘weq buevlos 103 sawrly umopmeap burjzordep (uorizexsdo
snoauelTnUIS ® HUTIND SATOAISSay buekosS pue uoyoemHj JO umopmelp 3se3) I

Abojeals umopmelaq ItToaxsssy Io3J sydeab butuuerd jusussasse prorisllized 62 aanbly

081 091 OP1 02T 00T 08 09 Or 02 o.o> 081 091 OovrT 02% 001 om 09 Ov ﬂw
V4 v > x| ¥ - CAR S .8 SR GR Ay
P 7774 7/ BN 5605 50 It 5 R
1 I L “«., K — , .
1 e ., A .
21 -
s ] R
£ M o
[ W ;' ’.
x — % A [~
pe m s y
\\. =" m . & ‘.“/ ) .
pd e 1
/ 4 \\/ ‘ o)
\. 9 A ‘\/ .
I a0 ¥
f ] Ly ,
/ v w
—_ m ’ l_ P .
\ fn T STy T T T;g
N S N Y SN PR 9IS+ NV3IW 9IS~
7/ ﬁ P e e o g
j n xG/L ¥0G %62
(lk\\ —— — —_ - ) .ﬁ U T - Tttt c T T e T e

0

a.

[e9]
-

Q¥
-

43

L —
| SO S A0 U o

o




74

(3ybta) uotranqralzstp Aousnbaal sarjzernuno pue (3Jo1) welabolsiy
Aousanbaaxz ‘odbopul I03F soj3ea moT3J 93Ts burssoad buriordep (uorzeasdo
snosuejzTNUTIS B PUTInNp sSIToalasay buelos pue uoydemy JO umopmelp 3sey) I

Absjea3s umopmeaqg atoaxasay 1ol sydeab butuuerd jusiussesse plarisaliaed 92 ainbig

G0S vov €0E 202 10% o.o G0S . vov EQOE coc 101 C .
W«M.\nm i\A\\‘\\ 2 IR \.\,,\A\, »ﬂlv EEED ARG
J/ LL . N SO N, N T . -
A ““V\ g4 \YW\.\J\.VM\ ‘ulm
ﬂ . .h. \ x ) . \A\ ]
> - < R -4
\ I &\ .v,\,.\. A oy
2 R ]
: ~ EE
E’ p
v : ,% 8
v g A
0 - A 07
—] H .,J
\ 5 g e ey
8" 4 N vi
A Las
f 1 h. H r.}l.l.ll.L
\\ . .P B mﬂ
> B v
|/ n T— - T 1+ 02
. 6° W wa_, n:‘uz wmmn
n
R - %¥5L X056 XGc

P&

2w

u @©C wao




75

(3ypta) uorangrazstp Aousnbsijy sarTjernund pue (33o1) weaboasiy Aousnbaijg

‘weq uoyoemHy I0J SoWT3l umopmeap burjzordep (uorjzerado sSnoOsURITNUTS

e buTanp SITOAISSdY uoyounyo pue ‘buefos ‘uUoyoemH JO uUMOpMEID asel) 4
KHpojeaas umopmeaq IToaxasay 103 sydeab butuueld Jusussasse pIsTrjiallzed - Ll aanbr4

(SHNOH) 3SWIL NMOOMvHO
0e¥ G0 OB6 GZ 09 G OE GV 0

(SHNOH) 3WIL NMOOMVHQO
0ev G0F 06 &2 09 G&r OE GU 0.

0 A o~ S
g P9 e 2y T
.—. \\\\\\\ \“,\ .,\ R . x\/\ . . ﬁ\\ , \.x
1 I \\\\\.\H M\ .
I AN ) e
- o1 ] %
m \ V4 - * - s’ \JI v
\\\ . ¥ ..\\\\\ 1 S 4 -
d m m < “/\,\..\.. >x - -
\\ O f\ . .¥ “\..\.\\Ai m
\\\\\\1\! - ol A
’ \/ AN N . \.\A x.,\ o
G- d V. L _\.u. . 48
\ | .3 -
\ 7 w > \\‘. ‘\ ‘.L? Oﬁ
. I
A L
/ 174 SINSE A}
\ v
- | ] 8" _'
n T - - ==t Vi
RN /S S U N SR S S I 9IS+ NV 3W 915
ﬁ L R
\ n XG/ %¥0G XG2
- A - Y SIS I A R - -

W oo WwWooDowZZo >




76

(3ybtx) uoranqri3zsip Aousnbaaj sarjernund pue (3331) weiboilsty Aousnbaajg
‘weq burAos 103 sawTl umopmeap burizordsp (uorjeasdo snosuelTnUTS
e butranp SITOAIaSaY uoysunyd pue ‘puelos ‘uoyoemy Jo umopmeIp 3sey) J

Kbojea3s umopmeag itoaxssay Io3 sydeab butuueld jusussasse prarjariled 82 21nbTr4g

087 091 Orl 02F 00F 08B 09 OF 02 O

G8Y 091 Orvt 02t 007 OB 09 Ov 02 0

- 01

e

gl

0A 777y NS IS B SN B e B
L 29 IS v
2 I 7 : o
8 DA BEN
m.< AV/ N
g o
.. 0
= v Y /
.\éi-\ \\\V,,
~ - . l \\,- .
P el - m S/ ”
- v\\.\/ -4
ﬁ\ . w Y\,A,. ~
J— \ e e | ——— b4 mw > \/ .
I ¥ !
et 1 ] S e et E e ] H e LA | —
< s
| ——— —_— R 8’ ul -
n T TS T T e T
| I R | N deJ6 W 9IS+ NV3InW 9IS~
\ [ T A e
n xG/ %04 %562
JSUES NS N WU SRS BN SR S B e =

o S D e L Lo

. =




77

(3ybTa) uoTINQTIISTP Adousnboiy sAaTzeTnUND pue (3387) wexbpolasty Aousnbsaz
‘weg uoyounyp I03J S3WT] uUmopmeap w:a¢0ang (uct3eaado sSNOIURITNUTS
e HUTINp SATOAI®SSY uoyounyd pue ‘buelog ‘uoyoemH JO uUMOpPMEID 3Isey) J

Kbo3el3s umopmeld IToAxesay 103 sydeap butuueid jusussesse pIeTIailied 67 2Inb1J

92} 2V 86 vB 0. 95 2v B2 vi 0. AR AR
TR T P RodiS AT T
= N C S “ AT
e 1 \\wz N R e ;w\\\v\,\o\
J 171 200 I I : 4w\\\ o
1 X S beled e
N. H \\\v«\, ‘. ,\ \\.\\.\ |
T — m \\\V,.\ ). —— - -
\\ e «
I v IAL % Ly
\\\\\ m m \\\\,\;\... . B ’ U
g - pr O “ SRR
AT H S B T3
- . d N o]
. e S \ S .
\ h m ““r,.(, ,\r * | \.\\ T m
S - Q A \./ i
T\i\\ N.H “mw . MWL L 01
Lo
£ ~p—t B 7
n - - I T T /1 cl
VS N S — - . 6 W B 9IS+ NviW ]‘.-ii:mmmw‘.é;l‘i
n %GL %0G %Gc2
(S S N S B I e - ——— —

= U >

o w o D

L




78

(3ybta) uoranqraasip Aouanbsajy aarTjernund pue (3391) weabolsTiy Aousnbaay
‘oAbopul 103 so3ex MOTJ @3Ts Dburssoad burjzotrdsp (uorjzeasdo snosuelz(nuUTS
e butanp satoaisssy uoysunyd pue Hbuelogs ‘uoyoemy JO umopmeap 3sed) dJd
Abajel13s umopmerq atoaxesay ao3J sydeab burtuueid jusussasse plaTrIsarlzled

(OF X SW3} 3J1vHMOTd WNWIXVA

*0f 2anbrtyg

(0T X SWJ) 31LVHMOTI4 WNWIXVW

GOS POv EOE 202 1031 o.o 505 rov ECE c0c 107 0 .
o4 ~ 7~ SR [T 7T
A 3 \% .A\N\.\WAA J.MW\ \/\A 4 Y»N./\ \\\
\\ 7, \&,\ AR B \// 4 F \.\ 1 )
ﬂ : ..—- \ & ﬁ\\/‘.A? - /vA.A. \X -x,\( \f\ .\4\ bt
ﬁ I \\ Sy PO PR
X S NV R 4
T c L \ N .J“ru
.5 A e
- ey v
ﬁ g | x 8
—4 A b A
1\\ 0 ,NYLAO«
— ] H S
Nh| 5 d ,.\\\\v ct
/] [
. .w\! ‘ 4 1
1 g 3
] A 1gy
— N. H
1 + 87
=] — - B’ w
k\ _)_ T T T ON
S NSRS UGN U WS SIS SU RN me.r ﬂ<m$ me-|
n X6l X006 XGe
[RRNNS S [ . B, — ﬂ u

o

w @ w o O W




79

CHAPTER V

ARTIFICIAL INTELLIGENCE APPLICATIONS FOR MILITARY HYDROLOGY

RESERVOIR DRAWDOWN EXPERT SYSTEM

The engineering analysis required to rapidly assess military
courses of action involving reservoir system operations and determine
the optimal procedure lends itself to the application of Artificial
Intelligence (AI) techniques. The RAMBO concept is an ideal candidate
for such an application because the procedures are highly complex, are
quite time consuming, and if done using conventional techniques,
require multiple input card changes and simulation runs to produce the
desired drawdewn results. Combining the expertise of hydrology and
military tactics into a single stand-alone system is a problem well
suited for the utilization of an expert system. This AI based program
could incorporate computer modeling techniques, hydrologic experience,
and the specialized skills of the military staff officers into a single
system capable of supporting the fast-paced decision-making process
envisioned an the modern AirLand Battlefield.

Current military policy requires that officers rotate between duty
stations every three to four years. This constant turn-over cycle
creates vulnerability windows at major Army command headquarters world
wide as newly assigned officers begin the process of familiarizing
themselves with theater specific contingency OPLANS, strategic
objectives, and standard operating policies. An expert system could
alleviate the problem of the "cold desk," a dilemma created when an

officer rotates out of his current assignment before his replacement
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arrives, by retaining the problem-solving expertise essential to
support sound military decisions during organizational turn-over
cycles. The reservoir drawdown expert system could quickly address
each tactical streamflow requirement and provide the military commander
with the optimal drawdown strategy appropriate for the current
battlefield situation.

Recognizing the military requirement for a reservoir drawdown
expert system, the U.S. Army Engineer Waterways Experiment Station
(WES) and the Center for Advanced Decision Support for Water and
Environmental Systems (CADSWES) initiated a research project to develop
a prototype Intelligent Decision Support Package (IDSP) for reservoir
drawdown operations. The expert system framework for the IDSP was
designed around the integra:ed procedures previously described as the

RAMBO concept.

PROTOTYPE IDSP DEVELOPMENT

A prototype IDSP for reservoir drawdown operations (RAMBO-E) was
completed in September 1987. The prototype contained an embedded
expert system that could calculate reservoir drawdown times and
crossing site flow rates for prespecified reservoir drawdown strategies
(Strzepek, 1987). The initial IDSP, based on historical streamflow
records and existing reservoir operation rule curves for the Han River
Basin, Korea, was developed for long-range planning. The IDSP was
capable of simulating any combination of drawdown scenarios involving
the seven Han River reservoirs and evaluating critical flow rates at
the Indogyo crossing site in Seoul, Korea (Figure 12). The system was

designed arcund the concept of an interactive graphics framework (menu
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driven), enhanced data entry (mouse device), and rapid interpretation
of simulation results using a color graphics monitor. Drawdown time
frequency histograms and cumulative frequency distributions
(Battlefield Assessment Planning Graphs) could be displayed for each
reservoir with color shading indicating the statistical characteristics
associated with each drawdown strategy (Figure 13). Four river
crossing choices could be selected at the Indogyo site allowing model
simulations to incorporate specific river crossing requirements in the
Seoul area (Figure 14). IDSP output analysis could be used to
supplement existing contingency planning guidance and update existing
OPLANS.

The reservoir drawdown IDSP was demonstrated for U.S. Forces Korea
(USFX) in October 1987. The IDSP demonstration, conducted in
conjunction with a USFK readiness exercise, revealed that on-site Army
estimation techniques provided inaccurate drawdown times. As a result
of the demonstrations, USFK recommended that additional enhancements be
included in RAMBO-E to further increase the effectiveness of the

system.

NEXT GENERATION NOTIONAL CONCEPT FOR RAMBO-E

Future developments for the RAMBO-E intelligent decision support
package should focus on combining dam-break numerical algorithms,
reservoir drawdown modeling capabilities, trafficability analysis
routines, rainfall-runoff prediction models, and tactical weather radar
systems, into a comprehensive tactical decision tool. The engineering
and military expertise required to rapidly assess the tactical and

strategic implications associated with streamflow predictions (river
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crossing sites), reservoir system operations (drawdown procedures),
floods created by dam breaches (barrier obstacles), and the resultant
soil moisture conditions (vehicle mobility), could be provided using an
IDSP linked with an interactive graphics framework on a work station.

USFK currently recognizes the need for a reservoir drawdown model
integrated with dam-break numerical algorithms; resultant information
could be used to rapidly and effectively advise the commander on how to
properly control the level of the Han River and its reservoirs to the
advantage of U.S./South Korean forces during an armed conflict. The
European and Middle Eastern military theaters have similar military
hydrology applications that would support development of an IDSP.
History indicates that dam breach flood waves can be used effectively
during military operations. Although the potential use of such a
system is clearly evident, no form of intelligent dam breach or
reservoir drawdown system is fielded in any military theater.

Terrain analysts and engineer staff offices throughout the major
army commands could effectively integrate an IDSP for military
hydrology applications into their tactical and strategic planning
processes. The benefits of the system are considerable; the military
commander could be provided with both forecast or real-time hydrologic
impacts within his entire area of operation based on computer analysis
and embedded expertise, thus enabling him to make sound decisions

rather than hasty military assessments.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Development and evaluation of the RAMBO analysis procedures
represents the culmination of a three-year research effort. This new
analysis procedure integrates state-of-the-art computer modeling
techniques into OPLAN assessments, providing Army field commands with
an improved reservoir drawdown planning capability. Military planners
can realistically evaluate alternative reservoir drawdown strategies,
forecast expected drawdown times, and estimate engineer river crossing
equipment requirements based on numerical simulations and statistical
inferences rather than educated guesswork. The procedures are highly
complex and time consuming; however, the technique is site independent,
facilitating its utilization in any military theater of operation.

The RAMBO concept was successfully applied to the Han River Basin
in Korea, resulting in the development and evaluation of six pertinent
reservoir drawdown strategies. Following the completion of this case
study a joint research effort, initiated between WES and CADSVES,
resulted in the development of a prototype reservoir drawdown expert
system. This system was demonstrated for USFK in October 1987
utilizing the HRB as the test-bed scenario. Results of the
demonstration revealed that existing Army estimation techniques
provided inaccurate drawdown times validating the requirement for a
tactical decision aid based on the RAMBO concept. In conjunction with

USPK recommendations, current research efforts are geared toward the
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development of a basic expert system incorporating both tne RAMBO
concept and dam-break algorithms into a single rule-based system.
Demonstration and fielding of this system is scheduled for October

1989.

RECOMMENDATIONS

As noted above, joint research efforts between WES and CADSVES
have resulted in the development of a prototype expert system for
evaluating reservoir drawdown contingency operations. Although this AI
based system constitutes a marked improvement, model input conditions
remain tied to extensive data collection requirements and engineering
expertise. Future research efforts should focus on the development of
a generic module based on expert system technology. The module should
be capable of constructing a base line operating strategy utilizing
existing data sources; it would be activated when data are not
available or when the time-frame for analysis is limited. This expert
system concept is extremely relevant because today’s Army has a world-

vide, no-notice deployment mission.
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Reservoir Checklist # 1 - Chungju

Name of Dam - Chungju Dam
Location of Dam (Grid Coordinates) - DR 105955

. Name of the river basin - Han
. River on which the dam is located - South Han

Drainage area above the dam - 6,648 square kilometers
Year in which the dam was completed - 1985
Purpose(s) of the dam

Flood Control - X (primary)

Water Supply - X (primary)
Electric Power - X (primary)
Irrigation - X (primary)
Navigation -
Other -

. Type of dam and construction material

1. Type 2. Construction material
Gravity - X Earth -
Arch - Rockfill -
Submerged Weir - Concrete - X
Other - Other -

. Key dimensions of the dam

1. Height - 97.5 meters 3. Volume - Unknown
2. Length - 464 meters

. Spillway data

1. Type

1
>

Overflow
Chute -
Side Channel
Siphon -
None -

2. Crest elevation - 123 meters

3. Clear length - 75 meters

4. Type of gates 5. Number 6. Dimensions (meters)
(VW x L)
Rolling -
Vertical Lift -
Tainter (Radial) - X 5 15 x 21
Drum -
None -

91
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7. Total discharge for the spillway gates at various water
surface elevations

(Use the same elevations for item numbers J7, K7, L, M, Q, and R)

Elevation Discharge
(meters) (cubic meters/second)
l. 86 0
2. 110 0
3. 120 0
4. 123 0
5. 130 3090
6. 135 6936
7. 141 12743
8. 145 17219
9. 147.5 20236

(Include the discharge rating curve if available)

K. Outlet Works Data

1. Type 2. Location
Tunnel - Through main dam - X
Conduit - X Through abutment -
Veir - Tunnel around end -
Other - Other -
None -

3. Size - 1.5 meters 4. Total Length - Unknown

5. Shape - Circular 6. Elevation of entrance

certerline - 97 meters

7. Total discharge through the outlet works for various
vater surface elevations

Elevation Discharge
(meters) (cubic meters/second)
1. 86 0
2. 110 41
3. 120 49
4, 123 51
5. 130 56
6. 135 59
7. 141 62
8. 145 64
9. 147.5 66

(Include the discharge rating curve if available)




L. Storage capacity and elevation data for the reservoir

Elevation Capacity
(meters) (cubic meters x 107)

1. 86 70,000
2. 110 510,000
3. 120 935,000
4. 123 1,100,000
5. 130 1,505,000
6. 135 1,850,000
7. 141 2,330,000
8. 145 2,625.000
9. 147.5 2,900,000

(Include the capacity-elevation curve if available)

M. Area and elevation data for the reservoir

Elevation Area
(meters) (square meters x 107\

1. 86 6200
2. 110 32,000
3. 120 48,200
4, 123 53,600
5. 130 55,000
6. 135 73,200
7. 141 83,200
8. 145 93,000
9. 147.5 99,000

(Include the area-elevation curve if available)

N. Key reservoir pool elevations and storage capacities

Pool Level Elevation Capacity
(meters) (-ubic meters

1. Top of Inactive 86 70,000

2. Top of Buffer 110 510,000

3. Top »>f Conservation 141 2,330,000

4. Top of Flood 145 2,625,000

5. Top of Dam 147.5 2,900,000

0. Tzailwater elevations in stream at the foot of the dam

1. Maximum - 80.7 meiers
2. Normal - 71.3 meters
3. Minimum - 64 meters

= 107)
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P. Monthly reservoir evaporation, precipitation, and net evaporation

1.64
2.282
3.625
5.373
8.378
7.193
2.058
1.974
2.764
3.786
2.025
1.414

Net Evaporation
(centimeters)

rates
Month Evaporation Precipitation
(millimeters) (millimeters)
1. January 24,2 26
2. February 31.4 28.6
3. March 50.2 46.5
4. April 77.7 79.9
5. May 103.4 65.4
6. June 103.4 104.9
7. July 92.1 238.4
8. August 85.2 218.2
9. September 65.2 125.2
10. October 49.5 38.8
11. November 30.3 33.5
12. December 21.4 24.2
Q. Total discharge through the power penstocks at various water surface
elevations
Elevation Discharge
(meters) (cubic meters x 107)
1. 86 0
2. 110 0
3. 120 656
4. 123 684
5. 130 732
6. 135 768
7. 141 784
3. 145 784
9. 147.5 784

R. Total combined discharge capacity for all outlets, power penstocks

and spillway gates at various water surface elevations

(Combine all discharge capacities listed in item numbers J7, K7, and Q)

O D NSO BN e

Elevation
(meters)

86
110
120
123
130
135
141
145

147.5

Discharge

(cubic meters x 107)

0

41

705
735
3878
7763
13,589
18,067
21,086
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Figure 34. Frontal view of Chungju Dam and spillway gates
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Reservoir Checklist # 2 - Hwachon

Name of Dam - Hwachon

Location of Dam (Grid Coordinates) - CT 932188

Name of the river basin - Ban

River on which the dam is located - North Han
Drainage area above the dam - 4,063 square kilometers
Year in which the dam was completed - 1944

Purpose(s) of the dam

Flood Control
Water Supply
Electric Power
Irrigation
Navigation -
Other -

X (secondary)
X (secondary)
X (primary)

X (secondary)

. Type of dam and construction material

1. Type 2. Construction material
Gravity - X Earth -
Arch - Rockfill -
Submerged Weir - Concrete - X
Other - Other -

. Key dimensions of the dam

1. Height - 77.5 meters 3. Volume - 817,000,000 cubic meters
2. Length - 435 meters

. Spillway data

L. Type

'
>

Overflow
Chute -
Side Channel
Siphon -
None -

2. Crest elevation - 4 gates at 173 meters
12 gates at 175 meters

3. Clear length - 192 meters

4. Type of gates 5. Number 6. Dimensions (meters)
(Vx L)
Rolling -
Vertical Lift - X 16 4 - 12 x8&12 -12x6

Tainter (Radial)
Drum -

97




7. Total discharge for the spillway gates at various water
surface elevations

(Use the same elevations for item numbers J7, K7, L, M, Q, and R)

Elevation Discharge
(meters) (cubic meters/second)
1. 145.2 0
2. 156.8 0
3. 173 0
4. 175 241
5. 177 1,402
6. 179 3,290
7. 181 5,674
8. 183 7,499
9. 184.3 8,559

(Include the discharge rating curve if available)
K. Outlet Works Data - No outlet works
1. Type 2. Location

Tunnel

Through main dam -

Conduit - Through abutment -
Veir - Tunnel around end -
Other - Other -
None -
3. Size - 4. Total Length -
5. Shape - 6. Elevation of entrance
centerline -

7. Total discharge through the outlet works for various
water surface elevations

Elevation Discharge
(meters) (cubic meters/second)
N/A N/A

O WO~ 0N

(Include the discharge rating curve if available)
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L. Storage capacity and elevation data for the reservoir

Elevation Capacity
(meters) (cubic meters x 107)

1. 145.2 126,000
2. 156.8 277,000
3. 173 650,000
4. 175 710,000
5. 177 771,000
6. 179 840,000
7. 181 905,000
8. 183 980,000
9. 184.5 1,025,000

(Include the capacity-elevation curve if available)

M. Area and elevation data for the reserveir

Elevation Area 3

(meters) (square meters x 107)
1. 145.2 8,000
2. 156.8 15,200
3. 173 30,000
4. 175 32,500
5. 177 34,000
6. 179 36,200
7. 181 39,000
8. 183 41,500
9. 184.5 43,500

(Include the area-elevation curve if available)

N. Key reservoair pool elevations and storage capacities

Pool Level Elevation Capacity
(meters) (cubic meters x 107)

1. Top of Inactive 145.2 126,000

2. Top of Buffer 156.8 277,000

3. Top of Conservation 181 905,000

4. Top of Flood 183 980,000

5. Top of Dam 184.5 1,025,000

0. Tailwater elevations in stream at the foot of the dam

1. Maximum -
2. Normal - 103 meters (Fixed head loss = 3.5 meters)
3. Minimum -
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P. Monthly reservoir evaporation, precipitation, and net evaporation
rates

Month Evaporation Precipitation Net Evaporation
(millimeters) (millimeters) (centimeters)
1. January 27 29.2 1.824
2. February 31 25.4 2.338
3. March 47.3 40.7 3.509
4. April 78.6 90.2 5.154
5. May 103.2 87.4 7.698
6. June 103.2 130.7 6.399
7. July 86.8 367.5 - 2.345
8. August 78.6 321.9 - 1.797
9. September 64.5 142.5 2.175
10. October 50.8 38.7 3.919
11. November 31.7 21.3 2.531
12. December 27 19.7 2.109

Q. Total discharge through the power penstocks at various water surface
elevations

Elevation Discharge
(meters) (cubic meters x 107)
1. 145.2 0
2. 156.8 145
3. 173 165
4. 175 167
5. 177 169
6. 179 171
7. 181 173
8. 183 176
9. 184.3 179

R. Total combined discharge capacity for all outlets, power penstocks
and spillway gates at various water surface elevations

(Combine all discharge capacities listed in item numbers J7, K7, and Q)

Elevation Discharge
(meters) (cubic meters x 107)
1. 145.2 0
2. 156.8 145
3. 173 165
4, 175 408
5. 177 1,571
6. 179 3,461
7. 181 5,847
8. 183 7,675
9. 184.3 8,738
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Reservoir Checklist # 3 - Chunchon

. Name of Dam - Chunchon

Location of Dam (Grid Coordinates) - CT 832025

. Name of the river basin - Han

River on which the dam is located - North Han

Drainage area above the dam - 4,841 square kilometers

Year in which the dam was completed - 1965
Purpose(s) of the dam

Flood Control -

Water Supply - X (secondary)
Electric Power - X (primary)
Irrigation X (secondary)
Navigation -

Other -

. Type of dam and construction material

1. Type 2. Construction material
Gravity - X Earth -
Arch - Rockfill -
Submerged Weir - Concrete - X
Other - Other -

. Key dimensions of the dam

1. Height - 40 meters 3. Volume - 251,000,000 cubic meters

2. Length - 453 meters
Spillway data

1. Type

1
>

Overflow
Chute -
Side Channel
Siphon -
None -

2. Crest elevation - 90.8 meters

3. Clear length - 144 meters

4. Type of gates 5. Number 6. Dimensions (meters)

Rolling -
Vertical Lift

Tainter (Radial)
Drum -
None -

1)

1
>

12

(WxL)

12 x 12.9
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7. Total discharge for the spillway gates at various water

(Use the same elevations for item numbers J7, K7, L, M, Q, and R)

surface elevations

Elevation
(meters)

90.8
96
98

100
102
103
105
107

O ~JO N WK —

Discharge
(cubic meters/second)

0
3,060
5,100
7,800

10,944
12,600
15,900
19,200

(Include the discharge rating curve if available)

K. Outlet Works Data - No outlet works

1.

Type 2. Location

Tunnel
Conduit
Weir
Other
None

. Size - 4,

. Shape - 6.

water surface elevations

Elevation
(meters)
1.
2.
3.
4.
5. N/A
6.
7.
8.

Through main dam
Through abutment
Tunnel around end
Other -

t

t

Total Length -

Elevation of entrance
centerline -

. Total discharge through the outlet works for various

Discharge
(cubic meters/second)

N/A

(Include the discharge rating curve if available)
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L. Storage capacity and elevation data for the reservoir

Elevation Capacity 3

(meters) (cubic meters x 107)
1. 90.8 37,383
2. 96 85,981
3. 98 89,821
4. 100 111,062
5. 102 135,902
6. 103 150,000
7. 105 220,000
8. 107 240,000

(Include the capacity-elevation curve if available)

M. Area and elevation data for the reservoir

Elevation Area
(meters) (square meters x 107)

. 50.8 5,278
2. 96 7,830
3. 98 9,692
4. 100 11,549
5. 102 13,290
6. 103 14,150
7. 105 15,700
8. 107 17,449

(Include the area-elevation curve if available)

N. Key reservoir pool elevations and storage capacities

Pool Level Elevation Capacity
(meters) (cubic meters x 107)
1. Top of Inactive 50.8 37,383
2. Top of Buffer 98 89,821
3. Top of Conservation 103 150,000
4, Top of Flood 104.9 218,000
5. Top of Dam 107 240,000

0. Tailwater elevations in stream at the foot of the dam

1. Maximum - 83.5 meters
2. Normal - 74 meters (Fixed head loss = .2 meters)
3. Minimum - 72 meters




P. Monthly reservoir evaporation, precipitation, and net evaporation

— RN WSO LTWN

Net Evaporation
(centimeters)

1.64
.282
.625
.373
.378
.193
.058
.964
.764
.786
.025
414
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rates
Month Evaporation Precipitation
(millimeters) (millimeters)
1. January 24,2 26
2. February 31.4 28.6
3. March 50.2 46.5
4, April 77.7 79.9
5. May 103.4 65.4
6. June 103.4 104.9
7. July 92.1 238.4
8. August 85.2 218.2
9. September 65.2 125.2
10. October 49.5 38.8
11. November 30.3 33.5
12. December 21.4 24,2
Q. Total discharge through the power penstocks at various water surface
elevations
Elevation Discharge
(meters) (cubic meters x 107)
1. 90.8 0
2. 96 0
3. 98 174
4, 100 186
5. 102 210
6. 103 228
7. 105 228
8. 107 228

R. Total combined discharge capacity for all outlets, power penstocks
and spillway gates at various water surface elevations

(Combine all discharge capacities listed in item numbers J7, K7, and Q)

W NN

Elevation
(meters)

90.8
96
98

100
102
103
105
107

Discharge
(cubic meters x 107)

0
3,060
5,274
7,986

11,154

12,828

16,128

19,428




Figure 42. Frontal view of Chunchon Dam and spillway gates
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Reservoir Checklist # 4 - Soyang

Name of Dam - Soyang
Location of Dam (Grid Coordinates) - CS 960997

Name of the river basin - Han

River on which the dam is located - Soyang

Drainage area above the dam - 2,703 square kilometers
Year in which the dam was completed - 1972

Purpose(s) of the dam

Flood Control
Vater Supply

Electric Power -

Irrigation

Navigation -
Other -

1.

1.

Type

Gravity

Arch
Submerged Vei
Other

. Key dimensions of

Height - 123

2. Length - 530

Spillway data

l.

Type

Overflow
Chute

Side Channel
Siphon

None

. Crest elevati

. Type of gates

Roiling
Vertical Lift
Tainter (Radi
Drum

None

X (primary)
X (primary)
X (primary)
X (primary)

r

the dam

meters
meters

'
>

. Type of dam and construction material

2. Construction material

Earth
Rockfill
Concrete
Other

[
>

3. Volume - 9,600,000,000 cubic meters

on - 185.5 meters

'
>

al)

. Clear length - 65 meters

5. Number 6. Dimensions (meters)
(w x L)
5 13 x 13
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7. Total discharge for the spillwvay gates at various water
surface elevations

(Use the same elevations for item numbers J7, K7, L, M, Q, and R)

Elevation Discharge
(meters) (cubic meters/second)
1. 120 0
2. 150 0
3. 160 0
4. 185.5 0
5. 188 419
6. 190 1,088
7. 193.5 2,704
8. 198 5,640
9. 203 9,160

(Include the discharge rating curve if available)

K. Qutlet VWorks Data

1. Type 2. Location
Tunnel - Through main dam - X
Conduit - X Through abutment -
Veir - Tunnel around end -
Other - Other -
None -

3. Size - 1.6 meters 4. Total Length - Unknown

5. Shape - Hollow Jet 6. Elevation of entrance

centerline - Unknown

7. Total discharge through the outlet works for various
vater surface elevations

Elevation Discharge
(meters) (cubic meters/second)
1. 120 41.5
2. 150 57
3. 160 61
4. 185.5 71
5. 188 72
6. 190 73
7. 193.5 74
8. 198 75
9. 203 17

(Include the discharge rating curve if available)
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L. Storage capacity and elevation data for the reservoir

Elevation Capacity
(meters) (cubic meters x 107)

1. 120 165,000
2. 150 650,000
3. 160 925,000
4. 185.5 1,990,000
5. 188 2,150,000
6. 190 2,260,000
7. 193.5 2,490,000
8. 198 2,900,000
9. 203 3,200,000

(Include the capacity-elevation curve if available)

M. Area and elevation data for the reservoir

Elevation Area
(meters) (square meters x 107)

1. 120 9,300
2. 150 23,000
3. 160 28,000
4, 185.5 60,000
5. 188 63,000
6. 190 65,300
7. 193.5 69,500
8. 198 75,000
9. 203 80,200

(Include the area-elevation curve if available)

N. Key reservoir pool elevations and storage capacities

Pool Level Elevation Capacity
(meters) (cubic meters x 107)

1. Top of Inactive 120 165,000

2. Top of Buffer 150 650,000

3. Top of Conservation 193.5 2,490,000

4. Top of Flood 198 2,900,000

5. Top of Dam 203 3,200,000

0. Tailwater elevations in stream at the foot of the dam

I. Maximum - 88 meters
2. Normal - 80.7 meters (Fixed head loss = 3.7 meters)
3. Minimum -
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P. Monthly reservoir evaporation, precipitation, and net evaporation
rates

Month Evaporation Precipitation Net Evaporation
(millimeters) (millimeters) (centimeters)
1. January 25.6 27.6 1.732
2. February 28.9 30.6 1.972
3. March 47.1 47.2 3.294
4. April 78.6 90.4 5.148
5. May 103.9 76.6 8.092
6. June 103.6 133 6.37
7. July 86.6 383.9 - 2.857
8. August 81.9 311.2 - 1.146
9. September 66.1 143.6 2.302
10. October 50.7 36.8 3.966
11. November 30.7 27.8 2.236
12. December 24.4 20.4 1.828

Q. Total discharge through the power penstocks at various water surface
elevations

Elevation Discharge
(meters) (cubic meters x 107)
1. 120 0
2. 150 214
3. 160 227
4, 185.5 218
5. 188 211
6. 190 206
7. 193.5 202
8. 198 200
9. 203 200

R. Total combined discharge capacity for all outlets, power penstocks
and spillway gates at various water surface elevations

(Combine all discharge capacities listed in item numbers J7, K7, and Q)

Elevation Discharge
(meters) (cubic meters x 107)
1. 120 41.5
2. 150 271
3. 160 288
4, 185.5 289
5. 188 702
6. 190 1,367
7. 193.5 2,980
8 198 5,915
9. 203 9,437




Figure 46. Frontal view of Soyang Dam and emergency spillway
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Reservoir Checklist # 5 - Uiam

. Name of Dam - Uiam

Location of Dam (Grid Coordinates) - CS 836878

. Name of the river basin - Han

River on which the dam is located - North Han
Drainage area above the dam - 7,829 square kilometers
Year in which the dam was completed - 1967

Purpose(s) of the dam

Flood Control
Vater Supply
Electric Power
Irrigation
Navigation
Other -

)

X (secondary)
X (primary)

. Type of dam and construction material

1. Type 2. Construction material
Gravity - X Earth -
Arch - Rockfill -
Submerged Weir - Concrete - X
Other - Other -

. Key dimensions of the dam

1. Height - 17.5 meters 3. Volume - 36,000,000 cubic meters
2. Length - 273 meters

. Spillway data:

1. Type

'
>

Overflow
Chute -
Side Channel
Siphon -
None -

2. Crest elevation - 57 meters

3. Clear length - 182 meters

4. Type of gates 5. Number 6. Dimensions (meters)
(W xL)
Rolling -
Vertical Lift - X 14 13 x 14.5

Tainter (Radial)
Drum -
None -




7. Total discharge for the spillway gates at various water

surface elevations

(Use the same elevations for item numbers J7, K7, L, M, Q, and R)

Elevation
(meters)

57

60

62

64
66.3
70
71.5
73.36
74.5

WO NONU &N —

Discharge
(cubic meters/second)

0
1,619
2,777
4,015
5,885
9,023

11,277
13,762
15,660

(Include the discharge rating curve if available)

K. Outlet Works Data - No outlet works

1. Type 2.

Tunnel
Conduit
Veir
Other
None

3. Size - 4,

5. Shape - 6.

Location

Through main dam
Through abutment
Tunnel around end
Other -

Total Length -

Elevation of entrance
centerline -

7. Total discharge through the outlet works for various

wvater surface elevations

Elevation
(meters)

N/A

O OO~ WM —

Discharge
(cubic meters/second)

N/A

(Include the discharge rating curve if available)
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L. Storage capacity and elevation data for the reservoir

Elevation Capacity 3

(meters) (cubic meters x 107)
1. 57 566
2. 60 3,500
3. 62 6,900
4. 64 12,200
5. 66.3 22,642
6. 70 56,250
7. 71.5 80,000
8. 73.36 102,264
9. 74.5 126,415

(Include the capacity-elevation curve if available)

M. Area and elevation data for the reservoir

Elevation Area 3

(meters) (square meters x 107)
1. 57 528
2. 60 1,283
3. 62 2,208
4, 64 3,208
5. 66.3 5,981
6. 70 12,566
7. 71.5 15,000
8. 73.36 18,019
9. 74.5 20,377

(Include the area-elevation curve if available)

N. Key reservoir pool elevations and storage capacities

Pool Level Elevation Capacity
(meters) (cubic meters x 107)

1. Top of Inactive 57 566

2. Top of Buffer 66.3 22,642

3. Top of Conservation 71.5 80,000

4. Top of Flood 73.36 102,264

5. Top of Dam 74.5 126,415

0. Tailwater elevations in stream at the foot of the dam

1. Maximum - 72.3 meters
2. Normal - 54 meters (Fixed head loss = .3 meters)
3. Minimum - 52 meters
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P. Monthly reservoir evaporation, precipitation, and net evaporation
rates

Month Evaporation Precipitation Net Evaporation
(millimeters) (millimeters) (centimeters)
1. January 25.6 27.6 1.732
2. February 28.9 30.6 1.972
3. March 47.1 47.2 3.294
4. April 78.6 90.4 5.148
5. May 103.9 76.6 8.092
6. June 103.6 133 6.37
7. July 86.6 383.9 - 2.857
8. August 8l1.9 311.2 - 1.146
9. September 66.1 143.6 2.302
10. October 50.7 36.8 3.966
11. November 30.7 27.8 2.236
12. December 24.4 20.4 1.828

Q. Total discharge through the power penstocks at various water surface
elevations

Elevation Discharge
(meters) (cubic meters x 107)
1. 57 0
2. 60 0
3. 62 0
4. 64 0
5. 66.3 280
6. 70 326
7. 71.5 340
8. 73.36 340
9. 74.5 340

R. Total combined discharge capacity for all outlets, powver penstocks
and spillway gates at various water surface elevations

(Combine all discharge capacities listed in item numbers J7, K7, and Q)

Elevation Discharge
(meters) (cubic meters x 107)
1. 57 0
2. 60 1,619
3. 62 2,777
4. 64 4,015
5. 66.3 6,165
6. 70 9,349
7. 71.5 11,617
8. 73.36 14,102
9. 74.5 16,000
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Figure 50. Frontal view of Uiam Dam and spillway gates
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Reservoir Checklist # 6 - Chongpyong

Name of Dam - Chongpyong
Location of Dam (Grid Coordinates) - CS 561758
Name of the river basin - Han
River on which the dam is located - North Han

Drainage area above the dam - 10,051 square kilometers
Year in which the dam was completed - 1943

Purpose(s) of the dam

Flood Control
Vater Supply
Electric Power

Irrigation -
Navigation -
Other -

1.

1.
2.

1.

Type

Gravity

Arch
Submerged Wei
Other

. Key dimensions of
Height - 31
Length - 407

. Spillway data

Type

Overflow
Chute

Side Channel
Siphon

None

. Type of gates

Rolling
Vertical Lift
Tainter (Radi
Drum

None

X (secondary)
X (primary)

r

the dam

meters
meters

'
>

'
>

al)

. Type of dam and construction material

2. Construction material

Earth
Rockfill
Concrete
Other

3. Volume -

. Crest elevation - 41 meters

. Clear length - 288 meters

5. Number

24

[
o]

250,000,000 cubic meters

6. Dimensions (met=rs)
(W x L)

12 x 10
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7. Total discharge for the spillway gates at various water

(Use the same elevations for item numbers J7, K7, L, M, Q, and R)

surface elevations

Elevation Discharge
(meters) (cubic meters/second)
l. 41 0
2. 43 1,824
3. 45 4,392
4. 46 6,096
S. 47 8,112
6. 49 12,960
7. 51 18,912
8. 52 22,464
9. 53 25,776

(Include the discharge rating curve if available)

K. Outlet Works Data - No outlet works

1.

Type 2. Location

Tunnel

Through main dam

Conduit - Through abutment -
Veir - Tunnel around end -
Other - Other -
None -
. Size - 4, Total Length -
. Shape - 6. Elevation of entrance
centerline -

. Total discharge through the outlet works for various

vater surface elevations

Elevation Discharge
(meters) (cubic meters/second)
N/A N/A

OO O &N —

(Include the discharge rating curve if available)
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L. Storage capacity and elevation data for the reservoir

Elevation Capacity
(meters) (cubic meters x 107)

1. 41 55,000
2. 43 71,086
3. 45 91,857
4, 46 105,000
5. 47 118,571
6. 49 150,200
7. 51 187,000
8. 52 203,914
9. 53 220,829

(Include the capacity-elevation curve if available)

M. Area and elevation data for the reservoir

Elevation Area
(meters) (square meters x 107)

1. 41 M 5,902
2. 43 M 8,045
3. 45 M 9,023
4, 46 M 10,000
5. 47 M 10,996
6. 49 M 13,947
7. S1 M 17,250
8. 52 M 18,308
9. 53 M 20,000

(Include the area-elevation curve if available)

N. Key reservoir pool elevations and storage capacities

Pool Level Elevation Capacity
(meters) (cubic meters x 107)

1. Top of Inactive 41 55,000

2. Top of Buffer 46 105,000

3. Top of Conservation 51 187,000

4. Top of Flood 52 187,000

5. Top of Dam 53 220,829

0. Tailwater elevations in stream at the foot of the dam

1. Maximum -
2. Normal - 26 meters (Fixed head loss = .6 meters)
3. Minimum -
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P. Monthly reservoir evaporation, precipitation, and net evaporation
rates

Month Evaporation .Precipitation Net Evaporation
(millimeters) (millimeters) (centimeters)
1. January 24.9 26.8 1.686
2. February 31.7 25 2.42
3. March 57.4 45.8 4.366
4. April 85.5 89.9 5.853
5. May 107.9 83.1 8.297
6. June 105.2 114.2 7.094
7. July 88.2 393.4 - 2.982
8. August 89.1 312.8 - 0.474
9. September 4.4 123.1 3.747
10. October 59.7 41.2 4.734
11. November 37 30.8 2.776
12. December 25.2 18.7 1.959

Q. Total discharge through the power penstocks at various water surface
elevations

Elevation Discharge 3

(meters) (cubic meters x 107)
1. 41 0
2. 43 0
3. 45 320
4. 46 324
5. 47 326
6. 49 336
7. 51 358
8. 52 358
9. 53 358

R. Total combined discharge capacity for all outlets, power penstocks
and spillway gates at various water surface elevations

(Combine all discharge capacities listed in item numbers J7, K7, and Q)

Elevation Discharge
(meters) (cubic meters x 107)
1. 41 0
2. 43 1,824
3. 45 4,712
4, 46 6,420
5. 47 8,438
6. 49 13,296
7. 51 19,270
8. 52 22,822
9. 53 26,134




Figure 54.

Side view of Chongpyong Dam and power house
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Reservoir Checklist # 7 - Paldang

Name of Dam - Paldang

Location of Dam (Grid Coordinates) - CS 482540

Name of the river basin - Han

River on which the dam is located - Lower Han
Drainage area above the dam - 23,713 square kilometers
Year in which the dam was completed - 1973

Purpose(s) of the dam

Flood Control

X (secondary)

Water Supply - X (primary)
Electric Power - X (primary)
Irrigation - X (primary)
Navigation -
Other -

. Type of dam and construction material

1. Type 2. Construction material
Gravity - X Earth -
Arch - Rockfill -
Submerged Weir - Concrete - X
Other - Other -

. Key dimensions of the dam

1. Height - 29 meters 3. Volume - 250,000,000 cubic meters
2. Length - 574 meters

. Spillway data

1. Type

[
»<

Overflow
Chute -
Side Channel
Siphon -
None -

2. Crest elevation - 9 meters
3. Clear length - 300 meters

4. Type of gates 5. Number 6. Dimensions (meters)
(VW x L)
Rolling -
Vertical Lift
Tainter (Radial)
Drum -
None -

15 20 X 16

'
>4




7. Total discharge for the spillway gates at various water
surface elevations

(Use the same elevations for item numbers J7, K7, L, M, Q, and R)

Elevation
(meters)

9

15
18
21
24
25
25.5
29.5
32

OWCR~JOWL WA=

Discharge
(cubic meters/second)

0
2,500
8,052

15,000
23,289
26,000
27,421
38,605
45,595

(Include the discharge rating curve if available)

K. Outlet Works Data - No outlet works

i.

Type 2. Locat

Tunnel Throu

. Total discharge through the out

water surface elevations

Elevation
(meters)

N/A

O OJOAWL Wt —

ion

gh main dam -

Conduit - Through abutment -
Veir - Tunnel around end -
Other - Other -
None -
. Size - 4. Total Length -
Shape - 6. Elevation of entrance
centerline -

let works for various

Discharge
(cubic meters/second)

N/A

(Include the discharge rating curve if available)
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L. Storage capacity and elevation data for the reservoir

Elevation Capacity 3

(meters) (cubic meters x 107)
1. 9 10,943
2. 15 34,717
3. 18 60,377
4, 21 128,301
5. 24 208,000
6. 25 244,000
7. 25.5 262,000
8. 29.5 430,000
9. 32 488,000

(Include the capacity-elevation curve if available)

M. Area and elevation data for the reservoir

Elevation Area
(meters) (square meters x 107)

1. 9 787
2. 15 6,300
3. 18 13,529
4. 21 22,745
5. 24 32,157
6. 25 36,274
7. 25.5 38,800
8. 29.5 54,300
9. 32 54,700

(Include the area-elevation curve if available)

N. Key reservoir pool elevations and storage capacities

Pool Level Elevation Capacity
(meters) (cubic meters x 107)

1. Top of Inactive 9 10,943

2. Top of Buffer 25 244,000

3. Top of Conservation 25.5 262,000

4, Top of Flood 29.5 430,000

5. Top of Dam 32 488,000

0. Tailwater elevations in stream at the foot of the dam

1. Maximum -
2. Normal - 10.6 meters (Fixed head loss = .3 meters)
3. Minimum -
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P. Monthly reservoir evaporation, precipitation, and net evaporation
rates

Month Evaporation Precipitation Net Evaporation
(millimeters) (millimeters) (centimeters)
1. January 24.9 26.8 1.686
2. February 31.7 25 2 42
3. March 57.4 45.8 4.366
4. April 85.5 89.9 5.853
5. May 107.9 83.1 8.297
6. June 105.2 114.2 7.094
7. July 88.2 393.4 - 2.982
8. August 89.1 312.8 - 0.474
9. September 74.4 123.1 3.747
10. October 59.7 41.2 4.734
11. November 37 30.8 2.776
12. December 25.2 18.7 1.959

Q. Total discharge through the power penstocks at various water surface
elevations

Elevation Discharge
(meters) (cubic meters x 107)
1. 9 0
2. 15 0
3. 18 710
4, 21 800
5. 24 700
6. 25 648
7. 25.5 648
8. 29.5 648
9. 32 648

R. Total combined discharge capacity for all outlets, power penstocks
and spillway gates at various water surface elevations

(Combine all discharge capacities listed in item numbers J7, K7, and Q)

Elevation Discharge
(meters) (cubic meters x 107)
1. 9 0
2. 15 2,500
3. 18 8,762
4. 21 15,800
5. 24 23,989
6. 25 26,648
7. 25.5 28,069
8. 29.5 39,253
9. 32 46,243




Figure 58. Frontal view of Paldang Dam and power house
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Figure 59. Area/capacity curves for Paldang Reservoir
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The area and capacity curves depicted in the checklists above have
been adjusted to reflect predicted sediment inflows into the HRB
reservoir pools. No rate of sediment accumulation was predicted for
the four low water reservoirs (Chunchon, Uiam, Chongpyong, and Paldang)
due to their limited storage capacity and run-of-the-river type.

Average monthly evaporation and precipitation data were
synthesized from a series of eleven rain gage stations and seven
evaporation stations within the HRB (U.S. Army Engineer District, Far
East, 1980). HEC-5 requires reservoir net evaporation (evaporation -
precipitation) rates for each month specified in the model simulation.
This enables the model to account for net evaporation changes in the

reservoir pool level during each time increment.
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APPENDIX B

CONTROL POINT CHECKLIST




Control Point Checklist - Han River Basin

A. Specify the control point (CP) identification number, system
specification (reservoir/mnn-reservoir), flow rate record availability

(yes/no) and contributing drainage area

Alphanumeric Titile ID # Specification

(R or NR)
1. Chungju Dam 10 R
2. Hwachon Dam 20 R
3. Chunchon Dam 30 R
4., Soyang Dam 40 R
5. Uiam Dam 50 R
6. Chongpyong Dam 60 R
7. Paldang Dam 70 R
8. Chungju Gage 05 NR
9. Yoju Bridge/Gage 15 NR
10. Chunchon Gage 25 NR
11. Misari Island 35 NR
12. Indogyo Gage 45 NR
13. Han River Bridge 55 NR
l4. Yellow Sea 00 NR

Flow
(Y or N)

ZZ2Z2Z2ZZ}<_KKZ2Z2<KZ<Z

Drainag§ Area
km

6,648
4,063
4,841
2,703
7,829
10,051
23,713
6,689
11,132
8,016
23,879
25,047
25,349
26,200

(Note - control point 00 (Yellow Sea) is the last node in the HRB
model and will only be referenced when required.)

B. Determine the corresponding control point and area ratio factor
that will be used to provide flow rates at all control points

listed above without flow records

ID # of CP ID # of CP
w/0 Flow Records with Flow Records
l. 10 05
2. 25 20
3. 30 20
4. 35 70
5. 45 70
6. 50 20
7. 55 70
3. 60 20

Factor

R = = it s

.994
.850
191
.007
.056
.927
.069
474

oo

Area Ratio

Calculations

(6648/6589)
(8016/4063)
(4841/4063)
(23879/23713)
(25047/23713)
(7829/4063)
(25349/23713)
(10051/4063)
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C. Determine the diversion requirement forecast for municipal,
industrial, and irrigation withdravals (monthly schedule) at all
necessary control points

CP ID #

Month

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

D. Determine the

CP ID # for
Diversion

05
15
25
35
55
70

05
Upper
South

Han

15
Middie
South

Han

25

Upper
North

Han

35

<<« Lower Han >>>>

55

70

<<<LKKKKKKKKLLKLK Flow Rates in CMS 225555005055 55>

.07
.07
.07
.60
15.55
19.95
9.88
16.12
9.88
12.36
3.07
3.07

0 W wWww

L42
.42
.42
.51
.09
.97
.13
.90
.48
.58
.42
.42

—
COWLHrOUNONNOOO

CP ID # for
Return Flow

15
70
50
45
00
55

==t U= e

control point and

.20
.20
.20
.26
.26
.26
.26
.26
.26
.26
.20
.20

0.
0.
0.

.06
69.
49.
.87
50.
18.
20.

0.

0.

2
3

41

00
00
00

97
45

30
26
79
00
00

39.
39.
39.
40.

41
41

41

68
68
68
49

.57
.02
40.

81

.03
40.
40.
39.
39.

17
24
68
68

31.
31.
31.
31.
31.
31.
31.
31.
31.
.63
31.
31.

31

percentage of diverted flow
that returns at that location for each diversion specified above

Percentage of Diversion
that Returns to Stream

55.1
51.6
55.0
64.8
50.0
65.0

63
63
63
63
63
63
63
63
63

63
63
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E. Determine the maximum flow (nondamaging capacity), average 24-
hour power release (reservoir control points), minimum required
flow, maximum diversion flow, and peak minimum desired flow for
each control point (all flows are in cubic meters/second)

Maximum Average Minimum Maximum Peak
Non-Flood 24-Hour Required Diversion Minimum
Flow Pover Flow Flow Desired
CP ID # Release Flow
05 1500 None 13.7 19.65 33.65
10 1500 84.7 N/A None 84.7
15 2000 None 24.4 10.97 36.37
20 800 59.0 N/A None 59.0
25 5275 None 38.3 5.26 43.56
30 2000 71.0 N/A None 71.0
35 4000 None 114.7 41.57 156.27
40 600 52.2 N/A None 52.2
45 4000 None 127.7 None 127.7
50 2000 130.0 N/A None 130.0
55 4000 None 100.8 69.97 170.77
60 2000 80.7 N/A None 80.7
70 4000 166.7 N/A 31.63 166.7

Reservoir control points in the HRB were identified on the basis
of three rules: (1) reservoir drawdown strategies identified in the
military staff input, (2) induced flooding potential (storage volume),
and (3) availability of historical flow records. Only three reservoirs
in the HRB system had flow records available, these included Hwachon
(CP-20), Soyang (CP-40), and Paldang (CP-70).

Non-reservoir control points were identified on the basis of four
rules: (1) availability of flow records, (2) diversion location, (3)
return flow location, and (4) river crossing sites identified in the
staff input analysis. Flow records at the Chungju gage (CP-05) were
used to establish the inflow data points for the only external node in
the system without available flow records, (Chungju reservoir, CP-10).
HEC-5 options include the ability to create flow records at specified

locations by multiplying known flows by a ratio of the corresponding
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drainage areas. The area ratio factor established between the Chungju
reservoir (CP-10) and the Chungju gage (CP-05) was equal to 0.994, a
calculation based on drainage areas contributing to flow at the
respective control point locations. Using this ratio factor, flow
records vere established at the Chungju reservoir equal to 99.4 percent
of the measured flow rates at the Chungju gage for each time period.
Non-reservoir control points 05, 15, 25, 35, and 55 were all chosen

on the basis of diversion locations for municipal and industrial water
supply and irrigation. Flow records were available for five of the
thirteen control points in the study area (CP-05, CP-15, CP-20, CP-40,
and CP-70). Four locations were considered critical within the basin;
these points were the external nodes (Hwachon, Soyang, and Chungju
Reservoirs) and the confluence of the North and South Han Rivers.
External node points are extremely important to the model simulation
sequence because they directly influence the regulation and operation
of internal node points at all downstream locations below the
reservoirs. Although flow records were available for only three of the
four critical locations, area ratio factors were used to create
realistic flow records at the Chungju reservoir and all other necessary
control points.

Minimum required flows at all non-reservoir control points were a
time-dependent variable equal to municipal and industrial water supply
requirements plus instream uses (fish, wildlife and, environmental
constraints). Minimum required flows at reservoir control points were
based on the operation of the dam for hydroelectric power generation

(average 24-hour power release).
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Minimum desired flows at non-reservoir control points were a time-
dependent variable equal to the total diversion flow plus the minimum
required flow. Minimum desired flows at all reservoir control points
vere set equal to the minimum required flows established for hydropower
generation. Since hydropower requirements at each reservoir were
established in the input data deck, HEC-5 automatically calculated the
minimum required flow as part of the model simulation process.

Minimum required flows in the Seoul area (Indogyo gage, CP-45)
were established based on the flow rate necessary to prevent salt water

intrusion from tidal fluctuations created by the Han River estuary.
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APPENDIX C

HYDROPOWER CHECKLIST
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Hydropower Checklist - Han River Basin

A. Hydropower plant operating characteristics

7.

(AR O, R R OV L

Reservoir

Name

. Chungju

Hwachon
Chunchon
Soyang

. Uiam
. Chongpyong

Paldang

Overload

Ratio

.15
.15
.15
.15
.15
.15

[ L Ty P

1.15

Power Generating Size & # Rated
Plant Capacity of Unit§ Head
Efficiency (kW) (k¥ x 107) (m)

(%)
87.4 400,000 100.0 x 4 57.5
80.0 108,000 27.0 x 4 74.5
89.6 57,600 28.2 x 2 28.8
83.1 200,000 100.0 x 2 90.0
78.7 45,000 22.5x 2 17.2
83.8 79,600 40.0 x 1 26.02

19.8 x 2 26.02
87.0 80,000 20,0 x 4 11.8

B. Determining the hydropower plant penstock discharge capacity,
average tailwater elevation, hydraulic head loss, and downstream
reservoir control point number that affects the tailwater elevation

NOYW W -

Reservoir
Name

Chungju
Hwachon
Chunchon
Soyang
Uiam

. Chongpyong

Paldang

Maximum Average
Penstock Tailwater
Capacity Elevation

(cms)

784.0
138.75
247.0
250.8
340.0
370.0
800.0

(m)

71.
103.
74.
80.
54.
26.
10.

NOONO O W

C. Monthly at-site power requirements

NOYWLD B LW N =

Reservoir
Name

. Chungju
. Hwachon
. Chunchon

Soyang

. Uiam

Chongpyong
Paldang

Jan

41,223
19,081

9,528
43,541
10,957
18,103
14,292

Head
Loss

(m)

OOO0OWOWW
LWohw~NdLO

Hydraulic Tailwater

Elevation
Affected
(CP-#)

N/&
30
50
N/A
N/A
70
N/A

Pover Requirements (kWh x 103)

Feb Mar

37,233 41,233
17,545 19,081
8,729 9,528
39,187 40,148
10,050 10,957
16,935 18,103
13,370 20,485

Apr

39,893
23,051
11,987
33,681
13,821
22,129
39,648

May Jun

41,233 39,893
33,296 41,492
17,150 21,207
38,675 38,419
18,103 21,489
30,489 34,116
33,348 32,272




Nov 0N =

Reservoir Power Requirements (kWh x 103)
Name Jul Aug Sep Oct Nov Dec

Chungju 41,223 41,233 39,893 41,233 39,893 41,233
. Hwachon 66,721 66,721 50,713 28,558 19,081 17,545
Chunchon 35,730 35,730 25,356 14,768 11,987 12,386
Soyang 36,242 29,635 37,907 39,174 35,537 36,754
Uiam 24,296 23,343 22,129 15,245 12,909 13,339
Chongpyong 38,112 37,635 35,499 24,773 23,051 23,820
. Paldang 47,639 47,639 43,798 19,056 18,902 19,056

D. Hydropower peaking capability

(1) No data available = 0

(2) Peaking capability versus reservoir storage relationship
(3) Peaking capability versus reservoir release relationship
(4) Peaking capability versus reservoir operating head = 3

When specifying the operating rule
hydropower tailwater curve versus reservoir outflow or hydropower
efficiencies versus reservoir storage.

1.

Reservoir name - Chungju
a. Peaking capability option = 3 (operating head)
b. Hydropower efficiency versus reservoir storage - Yes
c. Tailwater elevation versus reservoir release - Yes

. Reservoir name - Hwachon

a. Peaking capability option = 3 (operating head)
b. Hydropower efficiency versus reservoir storage - No
b. Tailwater elevation versus reservoir release - No

. Reservoir name - Chunchon

a. Peaking capability option = 0 (no data available)
b. Hydropower efficiency versus reservoir storage - No
b. Tailwater elevation versus reservoir release - No

. Reservoir name - Soyang

a. Peaking capability option = 3 (operating head)
b. Hydropower efficiency versus reservoir storage - No
b. Tailwater elevation versus reservoir release - No

. Reservoir name - Uiam

a. Peaking capability option = 3 (operating head)
b. Hydropower efficiency versus reservoir storage - No
b. Tailwater elevation versus reservoir release - No

. Reservoir name - Chongpyong

a. Peaking capability option = 0 (no data available)
b. Hydropower efficiency versus reservoir storage - No
b. Tailwater elevation versus reservoir release - No

for peaking capability, include
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7. Reservoir name - Paldang
a. Peaking capability option = 0 (no data available)
b. Hydropower efficiency versus reservoir storage - No
b. Tailwater elevation versus reservoir release - No

Chungju Reservoir (CP-10)

Maximum Reservoir Hydropower Tailwater Reservoir

Peaking Operating Efficiency Elevation Release
Capability Head (%) (m) (cms)

(kW) (m)

210,000 38.3 86.0 64.0 0.0
236,000 41.0 88.0 65.0 70.0
260,000 43.0 90.0 70.0 71.0
276,000 45.0 90.7 71.0 75.6
300,000 47.0 91.2 71.5 108.
330,000 50.8 92.0 72.5 216.0
360,000 52.5 92.7 74.5 432.0
400,000 57.5 94.0 76.0 540.0
400,000 60.8 92.0 76.0 540.0
400,000 70.5 92.0 76.0 540.0

Hwachon Reservoir

Soyang Reservoir

Uiam Reservoir

(CP-10) (CP-40) (CP-50)
Maximum  Reservoir Maximum  Reservoir Maximum Reservoir
Peaking Operating Peaking Operating Peaking Operating

Capability Head Capability Head Capability Head
(kW) (m> (kW) (m) (kW) (m)
62,400 52.0 117,860 65.6 30,000 12.0
70,000 56.0 129,714 70.6 45,000 15.9
80,800 60.0 150,000 75.6 45,000 17.2
89,600 64.0 164,286 80.6 45,000 20.5

92,800 66.0 180,428 85.6
96,800 68.0 200,000 90.0
100,400 70.0 200,000 95.6
104,000 72.0 200,000 100.6
108,000 74.0 200,000 110.0
108,000 76.7 200,000 118.6
Chunchon Reservoir Chongpyong Reservoir Paldang Reservoir

(CP-30) (CP-60) (CP-70)
Maximum  Reservoir Maximum  Reservoir Maximum  Reservoir
Peaking Operating Peaking  Operating Peaking Operating

Capability  Head Capability Head Capability  Head
(kW) (m) (kW) (m) (kW) (m)
N/A N/A N/A
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The HRB provides the majority of the hydropower capacity for South
Korea with 970.2 MV of installed capacity; this power source is used as
a peaking reserve to maintain power system operating stability. The
Korea Electric Company (KEPCO) supplies the majority of electrical
pover in South Korea, utilizing a nationwide grid connecting thermal
(68%), nuclear (6.3%), internal combustion (13%), and hydropower

(12.7%) generating facilities.
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Time Series Inflow Data Checklist

A. Identify control points within the river basin having available flow
records. For each control point include the flow period length, start
and end dates, missing observations, total number of periods, and
location of the CP node within the model simulation (internal or
external).

CP # Flow Start End Missing Total CP Node
Period Date Date Observations No. of Location

Length Periods
05 Monthly 1917 1972 1941-1955 492 Internal
15 Monthly 1917 1972 1941-1955 492 Internal
20 Monthly 1917 1972  1941-1955 492 External
40 Monthly 1917 1972 1941-1955 492 External
70 Monthly 1917 1972 1941-1955 492 Internal

B. Determine the category of time series flow (incremental local flows,
cumulative local flows, or natural flows) that corresponds to each
control point listed above

CP # Time Series Flow
Category
05 Natural unregulated flows
15 Natural unregulated flows
20 Natural unregulated flows
40 Natural unregulated flows
70 Natural unregulated flows

C. List the time series inflow data for each control point listed in
step A. All flow rates are measured in cubic meters per second.

(Complete streamflow records not listed below are provided for all
other periods in Appendix F.)

Chungju Gage

Cp # Year Jan Feb Mar Apr May Jun
05 1917 9.20 10.20 26.3 40.9 73.6 20.0
05 1918 5.63 9.16 20.0 40.8 92.7 104.6
05 1971 22.04 25.83 69.84 83.46 135.44  44.55

05 1972 26.42  45.99 225.72 269.58 116.30 26.00




Cp #

05
05

05
05

CP #

15
15

15
15
CP #

15
15

15
15

CP #

20
20

20
20

Year

1917
1918

1971
1972

Year

1917
1918

1971
1972

Year

1917
1918

1971
1972

Year

1917
1918

1971
1972

Chungju Gage (continued)

Jul

378.10
931.60

766.58
78.29

Jan

23.10
12.10

39.50
47.02
Jul

433.50
1015.00

1236.40
134.24

Jan

10.40
8.30

13.00
15.30

Aug

53.60
282.36

391.23
1197.90

Sep Oct

380.50 25.80
43.60 21.10

120.45  43.50
507.23 153.52

Yoju Bridge/Gage

Feb

17.30
14.70

38.29
78.29
Aug

116.10
484.50

612.39
1639.60
Hwachon
Feb

10.10
10.80

14.00
18.40

Mar Apr
37.40 55.00
43.20 61.20

148.10 153.06
258.91 361.13

Sep Oct

534.20 46.90
74.60  38.40

235.77 93.44

677.07 313.29
Reservoir
Mar Apr
16.70  23.70
19.00 27.80
34.40 51.20
81.90 130.60

Nov

12.90
25.40

22.25
256.20

May

105.9
119.2

214.99
183.50

Nov

28.50
44,30

48.24
368.60

May

53.60
28.30

69.10
29.80

Dec

7.71
14.80

12.64
113.71

Jun

30.10
130.70

81.75
55.32

Dec

19.00
29.20

33.66
260.06

Jun

11.30
22.30

44.50
22.60

147




CP #

20
20

20
20

CP #

40
40

40
40
Cp #

40
40

40
40

CP #

70
70

70
70

Year

1917
1918

1971
1972

Year

1917
1918

1971
1972

Year

1917
1918

1971
1972

Year

1917
1918

1971
1972

Hwachon Reservoir (continued)

Jul

117.60
325.90

401.70
132.00

11.30
12.70
Jul

29.30
172.10

262.20
25.00

Jan

70.50
34.30

97.20
154.60

Aug Sep Oct

71.30 307.10 33.90
234.80 56.90 22.20

261.70 209.00 53.10
773.40 168.30 57.20
Soyang Reservoir

Feb Mar Apr

6.40 11.50 18.70
7.90 10.30 14.00

10.30 29.30 43.70
19.00 83.00 142.00
Aug Sep Oct

48.70 152.40 18.30
209.50 30.80 13.70

227.00 114.80 31.50
60.70 83.00 39.00
Paldang Reservoir

Feb Mar Apr

41.90 79.20 105.70
34.20 102.70 127.20

134.30 621.40 292.10
220.40 284.40 363.10

Nov

19.00
21.30

28.40
85.70

May

31.40
20.70

67.00
27.00

Nov

12.80
12.60

18.10
22.00

May

220.20
198.10

283.70
241.40

Dec

12.60
14.40

17.50
49.10

Jun

8.10
15.20

29.30
13.00

14.00
4.00

Jun

65.80
227.10

444.00
162.90
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Paldang Reservoir (continued)

Cp # Year Jul Aug Sep Oct Nov Dec
70 1917 651.70 330.20 1147.00 120.20 82.00 57.30
70 1918 1375.00 1186.00 182.20 98.10 109.50 78.70
70 1971 4728.00 1267.00 1653.00 287.40 264.60 227.10
70 1972 963.00 1044.00 1021.00 192.70 161.30 145.10

All time series inflow data for the HRB model simulation were
obtained from the Far East District of the Corps of Engineers.
Streamflow data synthesized from Korean records were not available for
all monthly periods; therefore, Corps of Engineer personnel used the
HEC-4 Monthly Streamflow Simulation computer program and non-linear
regression methods to fit unknown data points with best-fit
approximations. Streamflow records were synthetically generated at two
control point locations: (1) Soyang Reservoir (1956-1967), and (2)
Paldang Reservoir/Goan Gage (1967-1972). Additionally, Korean records
provided streamflow in the form of daily stage records at gaging
locations. These records were converted to flow rates using discharge
conversion equations. Correlations were made between gaging stations
to check agreement and confidence in the stream flow estimates (U.S.

Army Engineer District, Far East, 1980).
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Map and Basin Checklist

A. Determine the monthly evaporation and precipitation rates over the
basin area.

Basin Monthly Net Evaporation (millimeters)
Jan Feb Mar Apr May Jun

17.5 22.4 37.2 53.8 80.3 66.2

Jul Aug Sep Oct Nov Dec
-27.3 -11.4 27.4 42.1 25.2 19.7

B. Dete:mine the key land use areas and water resource projects within
the rivcr basin. Attach map if available.

1. Existing irrigable land

Chungju area

Yoju area

Chunchon area

Paldang Reservoir area

. Hangang barrage and lower Han River bridge area

®aan o

2. Potential irrigable land

a. Chungju area
b. Yoju area
¢. Hangang Barrage and lower Han River Bridge area

3. Tideland areas

a. Hangang Barrage and lower Han River Bridge
b. Inchon area
¢. Suvon area (east)

4, Existing Dams and hydropower plants

Chungju Dam and power plant
Hwachon Dam and power plant
Chunchon Dam and power plant
Soyang Dam and power plant
Uiam Dam and power plant

. Chongpyong Dam and power plant
Paldang Dam and power plant
Koesan Dam and power plant

oM MO a0 oP

5. General map of the Han River Basin is depicted in Figure 14 of
the main text
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Tl ~ILITACY APOL_ JCATIONS CF RESERVOIR OPERATIONS (PHASZ [ « SASE CJndITIINS)
T2 HAN RIVER CASE STUDY (KOREAN THEATER UF JPERATIONS)
T3 SYSTEM DEMAND SIMULATION (HYDROPOWER, WATER SUPPLY (MEIL) & IRRIGATION)

J1 1 1 5 3 4 e 0 0 )

J2 0 1 0 0 0 0 b

43 2 0 0 0 Y 20 0 0

J4 0 0 1 0 2 0 b4.7 277 0 [
46 17.5 2244 37.2 53.8 80.3 66.2 =27.3 ~lle4 2T.% 42.1
J6 2542 19.7

J8 1009 10.10 10.11 10.22 10.15 10.106 10.23
J8 20.09 20410 20.11 20,22 20415 20.106 20.23
48 30.09 30.10 30.11 30.22 30015 30.106 30.23
48 40.09 40.10 40.11 40.22 40.15 40.106 40.23
J8 50.09 50410 50a11 90622 50.15 50.16 50.23
J8 60.09 60.10 60.11 60.22 bJel5 50.1l06 60.23
43 70.09 70.10 70.11 70.22 70.15 70.16 70.23
Jg 5.04 5.07 5.08 530 5.31 15.04 15.07 15.08 12.30 15.31
J8 25.04 25.07 254038 25430 2%.31 35.04 35.07 35,08 35430 35.31
48 70.30 70.31 45.04 45.07 45.08 23.04 55.07 32,08 9%e 30 59431

RL 10 2330000 510000 510000 2330000 2625000 2900009

RO 3 5 15 70

RS 9 70000 510000 935000 1100000 1525000 185000) 2330000 26¢5000 2920000
RQ 9 0 41 705 735 3878 7763 13589 18067 21086
RA 9 6200 32000 48200 53600 55000 73200 343200 93000 39000
RE 9 86 110 120 123 130 135 141 14> L47.5

RY Leb4 2.282 3.625 5373 8.378 7.193 2.058 Le974 2e754 3.788
R3 2025 le4l4

Pl 10 400000 lelb 3 0 0 -1 3

P2 0 784 0 0

PR 41223 37233 41223 39893 41223 39893 41223 “1223 39393 “1223
PR 39893 41223 0 0

PQ 0 Set Sa 75.6 108 216 432 540 1339

PY 64 65 70 7L Tle5 7245 7445 76 80.7
PP210000 236000 260000 276000 300000 330000 360000 400000 400000 400000
Ps 38,3 41 43 45 47 50.8 525 5745 60e4 70.5
PE <806 «88 9 «907 «912 «92 e927 «94 92 °92
ce 10 1500 J 0 0 0

IDCHUNGJU DAM

Cl 05 «994 0 1]

RTY 10 05 0 1.2 9 0 J 0

cp 05 1500 33.65 -13,7 0 0

IDCHUNGJU GAGE

RT 0% 15 0 1.2 > 0 ) 0

DR 05 15 0 1.2 5 «551 1 0 0

w0 12 3.07 3.07 3.07 8460 12«55 19495 Je88 lbel? .88
oD 12.36 3.07 3,07

UM 16,77 16,77 16.77 22.3 29425 33.65 23458 2982 23.58 26400
M 1677 16477

ce 1% 2000 36637 =254 0 0

[DYUJU BRIDGE

RY 15 70 0 1.2 2 0 0 0

OR 15 70 0 le2 %) «516 I § 0 J

QD 12 0442 042 Qea2 2451 7.09 1097 7T.13 e 4e48
an 3¢58 0442 Oe42

Jm 25,82 25%.82 25482 27.91 32.49 30.37 32.53 3%.30 29483 284908
34 25.82 29.82

Ri 20 905000 277000 277000 905000 330000 1025000

RO 0]

RS 9 126000 277000 650000 710000 771000 843000 905000 982002 1025009
RO 9 0 145 165 404 1571 3Jabl 5847 767> 8738
® A 9 8000 15200 30000 32500 34000 36200 39000 41500 43500
RE 9 14542 156t 173 17> 177 179 141 1483 L84S

X3 1.824 2.338 3.509 Selda 74693 bed9Y  =2,34> =797 2e17> 14919




R3 20531 2,109
Pl 20 108000
P2 0 138,75
PR 19081 17545
PR 23051 23820
PP 62400 70000
PS 52 56
ce 20 800
[OHWACHON DAM

RT 20 30
RL 30 150000
RO 0

RS 8 37383
RQ 8 o]
RA ] 5278
RE 8 90.8
R3 le824 24338
R3 2,531 2,109
[ 30 57600
Pe 0 228
PR 9528 8729
PR 11987 123306
ce 30 2000
IDCHUNCHON DAM
Cl 20 1.191
RT 30 25
RL 40 2490000
RO 2 25
RS 9 165000
RO 9 4le5
KA 9 9300
RE 9 120
R3 1,732 1.972
R3 24230 1.828
Pl 40 200000
P2 0 250.8
PR 4354 3v1r87
PR 35537 36754
PPL117860 129714
PS 65.6 70.6
ce 40 600
IDSOYANG DAnm

XT 40 25
ce 25 5275
IDCHUNCHON GAGE
cl 20 1.850
RT 25 50
DR 25 59
Qo 12 le2
4D %26 le2
L] 3945 39.5
JdM 39.5 39.5
L 50 80000
RO 0

RS 9 565
RC 9 0
A 9 5214
RE 9 57
R3 14732 1.972
K3 Lel3b 1.928
Pl 50 45000
P2 0 3un
Px 10957 1005N

85981
3060
7830

34509

650000
70
650000
271
23000
150
3.294

le13

Q
40148
0
150000
75«0

3
0
23051
0

89600
64
0

le2
89821

89821
5274
9692

98

Sel54

0o
0
11987
0
0

0
1.2
650000

925000
283
28000
160
Sel4d

22642

6900
2777
2204
62
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13821

103
33298

92800
60
o]

%)
150000

11106¢
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100
7.694

T«

17130

5
2490000

1930000
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50000
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8.092

8047
38475
L8042
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9

«2

a

']
D
2420

43.9%b
800090
12222
“J1>
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Ha
8,032
24

13103

30
©1492

36800
68
J

0
150000

135902
11154
13290

102
5399

50
21207

)

0
2900000
2150000
702
53000
184
6437

2

38419
200000
90

2

2

2

0
9>
5.20

LE -1
30000
22642
bl6>
5981
0be 3
6037
0

21484

3
55721

1004))
70

J
240000

150000
12828
14152

103
=-2e34>

«895

1T

0
3200002

2260002
1367
65300
190
~2.857

«831

36242
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)
1
.26
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EELE]
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3.2
56721 50713 28558
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72 T4 76.7
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=1.737 Cel?> 3919

Y4
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PR 129Ny 13334
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ce 50 2000
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Ccl 20 1.927
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RQ 0

RS Y 55000
2Q 9 2
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RE 9 41
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X3 ¢e778 1.953
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T a5 59
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[DHaN RIVER YRIVGE
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£
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43
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0 26
Q
22129 3oasy
0
0 0
0
l'z .,
244000 262000
55
60377 123301
8762 15800
13529 22745
13 21
54853 84297
0 10.5
0
39643 33344
G
2 J
le2 Y
le2 el
-114.7 0
0
le2 D
le2 )
39.6% 40e4v
15917 150427
9
127.7 0
o]
1.2 D
=100.38 J
Q
1.2 .2
l.2 )
0.00 30405
1350685 170.77
090219100

Q
137000

118571
8438
10995
47
7.094
70

34lle

0
430000

208000
23989
32157

‘24
7.094
0

32272

«b4d
4leo7

1554 7¢

0

b
220829

150200
13295
13947

43

-2+992

«834

38112

2
55640)

24400)
26643
36274

25

-2.98¢

«87

47639

)
1
4led2

152451

49,45

Laceb?

720

187000
19270
L7250

51
—et74
&

37635

252000
23069
34800

2%e9
o474
3

“7639

31l.63

0
U
40.81

152473

4l.87

15141

22391«
¢282¢
13308

5¢
3e747

Ira9y

430000
39253
54300

2945
Je747

43793

J
4leD3

1o9e¢y7

el

119.29

155

220829
26134
20000

53
4eT34

24773

436000
V0263
54700

3¢
Qo?;ﬁ

L9056

90417

194494

LBe25

121459




I~
I~
EN
IN
i~
IN
IN
[ 3]
N
I~
I~
IN
IN
I~
IN
IN
I~
IN
I~
IN
IN
InN
I~
IN
IN
IN
I~
I~
IN
IN
IN
IN
IN
IN
I~N
I~
In
I~
I~
I~
I~
IN
I~
I~
I~
[
I~
I~
i~
N
i~
I~
|
LN
1%
I~
I~
[

I~
[
I~
[

0517 9.¢20
0913 5,53
0519 B.34
0520 9,37
0521 10.6
0522 16.2
0523 27.0
052« 18.9
0525 9.57
0526 42,5
0527 59.2
0528 48.1
0929 24.2
0530  43.4
0531 30.2
0532 7064
0533 2%5.9
0534 31.3
0535 4l.2
0536 15.8
0537 18.3
0538 24,7
J539 15,7
0540 21.3
1556 1694
0557 12.52
0558 249434
0559 54423
0560 18,69
0561 17.93
0562 38.00
0563 13,72
0564 15.066
0565 15.489
0566 10,48
0567 16479
0568 144,15
0569 24.19
0970 10.53
U571 22.04
0572 26442
1517 23,1
151+ 12.1
1519 18,2
1523 2846
1521 24440
1522 27.00
1523 36.10
1524 30480

152% 184,90
1926 82.40
1527100430
1524 9143410
1529 49.5)
1537 78.90
1531 96410
1532114440
1933 54,20
1934 59,40
1935 77.10
1535 32.69
1937 59,5
1939 48,9

1062 25.3 4049 T73.0 204 37del 5346 36Je5 2%¢5 12.9
Jeln 2040 40e3  Fe7 1U4ed 93Lleb ¢32e3 43.6 Lllel 2344
7s21 1640 297 934 22343 55,2 16744 120 8667 L1740
13e4 82.9 143 70.5 12045 96947 389.> l47.1 34,9 20.8
Ye49 46,5 L1B8e3 8342 T0e4 7708 16665 20047 5305 28.8
7LeY 5de8 1ll7el 6F¢4 72.51334.¢6 479 13443 9949 31.1
4807 22344 207e4 61e0 Ll4al 871.5 1bbed 485.8 42,3 b3.1L
9Y.b 23.0 14934 564 455 50565 95.9 3.8 17.0 12.8
BeS51 2049 32.8 06847 116421504.1 371.8 395.6 53,4 38,1
3263 8244 13044 14744 5162102746 98042 4399 LlBeZ H4e2
29¢4 87,0 235.6 3643 37.3 1918 40le2 17343 85.1 3044
3le> 10741 28.3 2beY 5064 1742 6leb 4lasd [Y-FY] Sle4
19«0 40,7 ob6leb 48¢1 12343 243,2 2015 B8)a9 35¢5 2348
4d.7 206 470e9 19045 43.)1l660el 429,7 19042 H93ev 405
36«6 9646 331.3 204.5 100 42246 46749 1%3.2 9%.6 5846
932¢7 B4e2 132.6 56s7 4347 178a06 289.3 1494943 4845 35.6
20a3 5047 127¢7 26362 26343 490601 59642 363.7 132.6 53,1
3040 804l 1555 17743 104ed 83543 49641 22246 20048 33547
293 b63.56 Ll 57.2 100e8 557¢3 27342 112.7 44eb 42,4
B8e37 39,4 21244 L1246 235 164416289 I1247 122¢7 52.1
l4e8 3742 28248 132.9 5be2 59841 ld4.4¢ 113,464 72,0 71.5%
31ei 1891 894l 90e9 2579 39342 9542 350eD 1ll2.4 49,2
31.0 43,0 896 9%.5 4494 S4,.06 4364 3%.4 d8et 3d.l
1742 3647 99¢3 5949 9445179245 13845 30743 5947 44,0
19e¢1% 31847 29348108¢7150443399442461344552966¢33 47,98 22452
1230 32449 20343 49,08 27e7)I954,47441461 64c70 47428 28,92
3042011 077158e51104el7 17e¢27308404317.42778.75210.51162.39
59¢85358403335.9520773 50+4031006e40241,37674.97 52e48 34.91
19%e27 39:70116696109.85257e39494,48 49,68 99,70 68.3> 5648
19.88119.35228474 72,41 47.326063,09319.13253,77262445144,79
36460 4241711234 44497 94485 66.00416.915634¢3 79423 3838
12e%4 28,90370427193629639,019384772%9.H8 55,47 2bs44 17.03
L1430 34491797453209e2% 9274067491395, 73801e27113.07 47,42
16475 35,68 4910 36401 1652931485157 .31L 55¢74 29,45 50454
23463517377 940498 75.44100412727416339,52526¢13 60438 Sae47?
29453 65492138413 76643 36647251.29199433383457 47435 36,484
10.04 33.97 60a46 1982 35424309465330.651096495128427106430
54¢95129.98480410186.91 42483399,46859,452794L43 7107 29,48
21el8 26047 75496 59439 6085603435326474737.07 32483 57479
2283 59,04 B83446135.9% 44.53766458391423120449 43.50 22.¢5

156

7«71
Y]
Bebd
15.8
2847
18.)
35.3
12.5
4545
37.0
2840
43,0
LU2Z2.0
32.9
6be?
297
48.3
4445
3le4
51.7
«0e¢
30.2
3Ce
3749
12449
45403
326,079
34499
L3 XX-X4
32e55
dbe43
Loebs
259660
2lebY
3de7¢
949468
47.71
22499
34.70
ll'bb

49499225672269458116630 26e0) 7842911979507 4231934922964¢0113,71

17¢3 3744 5540 10269 30el 43349 1lb6sl 53442 4be9 28.>
l4.7 43,2 6lel 119¢2 L30.7101%.0 484.5 T4ab 30e4% 44a3
L6.0 299 497 9940 204e3 659948 1d3.0 1778 14l.) 43,0
37¢5 11l1e8 19549 9be3 18243134146 70544 245,1 770 59.1
23420 T73.2015872.60108,00 93.228594402054,02252e50 7940) 4l.390
JLe0J B5.00152e¢40107450100e501651L¢6958640211e00 87400 96430
53400291400272e80 960920 27413108144332.50293.70 b6Y.6) 37,170
B6e67 419017017 9510 74453910480 37420 55400 32¢50 25470
17490 354,20 2110107408019 9e¢22238%240599,433579.,40112.0) 32.70
706301384201 9280230470130e69)1411471941a7701420208632129450
63630142.803294504961e40 774504986,30623.50¢92420133.10 772.79
37.601674¢0103e10 56467 d0e23108,80110470562470119.10107,20

19.0
2947
31a9
33.0
43460
37.7C
IDe 40
25410
0,70
17490
H3eul
32430

40610 77420110640 97440120023 393410310442196450 78440 504201424560

B4e202093410973490300e1D 3249723149.058742)301430 Y9420 3844

38400

524001499450603430328¢90143e0)273,208¢0¢%0¢64.00103410013430L001ca30

70¢80134.00193460L0041D B4453297,10416620¢70409107.90 79480
41650 B3430190e10349en00337e337483.808449,4257540019L.0010¢240"
9962013340023 7040245e402183e531001¢78ULe7I3720403283e70103.22
59 ¢90174,430104.40100.10197490849.50493,92171.70 B444D Aa,l)
C9e9VU H79.803404603158420 23.12314.00232944124¢40 200asL03e57
0340 1075 42243 20Len 9367 15905 39849 24245 136e) 121764
2440 3lags7 19042 19440 3709467 6097 1704 49941 109e2 3945

24430
3%.80
12400
99410
130
75,1
654




[~
IN
1
N
IN
I~
IN
IN

IN
IN
IN
IN
I~
IN
IN
N
IR
IN
I~
IN
I~
IN
In
IN
| &1
iN
IN
IN
IN
IN
IN
I~
IN
IN
I~
IN
IN
[
IN
I~
[~
In
I~
I~
I~
(@]
I~
[
Iy
I~
i~
i~

IN
[
™
[
I~
[

95664 99¢1 14lel L1732 83¢7 98.0 06948 6741 5HBa3 720
373 64,2 149.5 105.1 6442972406 2797 bbBe4 YHed 7Tbe3
43,0 3674248B9.93194,73610e452174947194461379413 69436 4laetb
274 3804 231e5 62¢74% 40651330,7497.23 92.85 60422 659434

157

5547
658
bel
5058

56e03136.48221615149407 30663 589,0595.741177.6300432 273518058
1559141,03137.924948435419427309.46 864321354,8408.73915.18108.81 71.11

3867 6568419157.901489¢28298.91L046,03 H0e34132,85102412 dladd

272>
1557

36450156405 29840102624 704329734264515e97 415.9340.61¢03.711230843¢2

10147 54.45179e53  65¢2 5383114425567 433 75342153443 25.78
3710 4142747043727601454949¢351324,5370432 98495 50.3¢ 42448
35¢71 558110906627 04911102049973.91647e551131Le4177.85 54401
29.05 4442 39421 36631l 2643213703304439 90.49 49.67106.59
315.61279.,82109414 10163133.651319.6531455713,20 91.08 42.485
55638132433 23004118653 45.5388.43310443 504,00 8278 65422
14474 53,74 88495 15475 30e93465402474.65198489184,271383.17

35.99137.72191472600+07337e07 55e¢15909071411.4540.07125.08 42,39

1539 a3,5
1540 42.5
1550 43.90
1557 24.9
1558 60.65
1560 47.31
1961 42.32
1562 69.90
1563 34.41
1564 41,78
1565 31.79
1566 Z4.06
1567 34,15
1568 22.79
1969

1570 16412
1571 39.590
1572 47.02
2017 10.4
¢01s 8o 7
2019 7.3
2020 10.4
2021 15.7
2022 ll.2
2023 12.9
2024 12.9
2025 8.5
2026 362
2027 S51.9
2024 27.¢%
2029 1642
2030 2949
2031 17,1
2032 4845
2033 34,3
2034 1745
2035 23.4
2036 l6al
2037 29,3
2038 2443
2039 12.3
2040  29.9
2056 Teh
2057 12.2
2054 17.5
2059 18+ 4
2060 13,5
2061 14.4
2062 19.5
20h3 1.3
2064  la.H
ZCh> ll.4
20kh beb
2067 Bl
20hH 10.2
2064 17413
2010 Kol
2071 139
2Nre 15.1
4017 Hed
4019 54
4Nt He 't

43,49 35.32101e99 B87¢¢7 04e02101447447.23110243195.99103,87
33¢89 143.1153,06214e99 81e751236.46L2439232e77 J3.44 42,24

49438
93.5Y
315474
43.18
49.51
79«15
f3eH4
$30e4vy
73654
Ji.60

T8e29258.5130Lel3 183e5 7256321344241639.5677.07313.27368.602060405

10,1 167 237 93.5 1lle3 117.6 713 307.1 33.39 19v.0
10a8 190 193 27¢8 2843 325%¢9 23448  55¢9 2242 2148
1000 17¢9% 3260 7240 9J1le4 6066 31e9 10442 L0bebd 2943
1763 43,3 0676 4545 95,7 285.6 25043 Llbde3d 3IBe3d 43.0
14942 3447 42el 4543 3lel 1100 5242 9549 3620 1740
2le% 3547 10043 33948 5041 32047 59340 127.7 34e4 2be2
16e7 4444 79«7 39:7 103 299.0 3679 92.0 19«7 3446
4442 1.8 72.0 53¢4 3845 bl3.4 4be? loe3 13.0 1Ze1

7.1 3¢5 2le8 638 6lad 83%.6 19447 263.5 53.4 39.5
2968 4540 Sleé L16s9 19.9 458.7 44443 B8le2 HB4es 357
48al bHve5 1190 133.5 40e7 357¢9 32543 95%¢1 42,5 32.5
31e2 7le4 3947 2lel 2040 10247 b64¢) 133.5 39474 5Jeb

Bed 1941l 4leQ 47.9 43¢5 24648 191led 10Lled 2603 2l4Y
30el 94¢8 696l 105e4 25¢2 48B.4 ITed I8e8 3lad 275
1962 390 63e¢5 9448 3543 99,7 281,74 1339 3743 4.1
3047 5Ye¢4 8847 4lea 344l 16945 239,77 1659 L2lal THe%
29.9 34,0 H9.6 854,22 137.) 169.5 2894 322.6 502> 4Je*
18e2 449¢4 9043 9741 10304 229¢4 39743 1l53.0 4340 3¢.0
2043 3he8 37.4 49,5 158.5 283.8 300456 7269 3640 3.1
1642 1743 67e> b55¢D L1362 40841 51940 330e4 Y2,3 31745
2048 3247 1222 4442 174D 219,46 199,1 1236 39.3 4.1
1762 1273 6be0 H9e3 10242 239.0 89474 8le3 28e4 23.0
14.3 2241 4043 9344 624 50 19.0 35.1 3242 27.7
1943 2Le7 92444 49547 4les 78744 11lled 29562 D0e4 494>
1059 193¢0 1w3.3 4040 19007 321.0 HY40 15249 29 Lasd
1°.0 18e9 659 28¢5 2le8 13546 ¢9348 48¢4 33.0 3J0a?
17.8 49 .Y 653 1v.3 15¢) 182,49 138al 243e47 9503 51.7
2249 1495 19407 6747 362 22346 22442 325.0 44a> 3/,
Lbe3 IBed  95¢7 4led 10044 28443 10led ble¥  43e> 3049
16ebh  30e8 9240 Hla?d 3845 25049 35447 1882 603 83,0
2lel 3345 LUTe4 2344 308 18662 42445 3004 4243 2543
19.1 23eb 270e% 12043 18065 73740 173.1 4245 lLde3 Lee 3
114 2)e7 4931449 Llda>d H54e3 6Tt 4bdel 2h443 tbled 2DeD
13.1 215 4len 21le% Bed TLl2e¢8 37240 9.3 237 2442
166l 89eb H2e7 3540 1605 93Le3 36167 398 950ed 2ba4
10.¢ H4el 724¢ Shen 2942 32be% 401D 18Lla2 32 i17.n

X leaol 114 1249 hed 210el 9143 111e9 19243 LR X4
¢0a3 490 282e4 275¢3 bbs3 40340 49Y9,7 578 ¢5e? 17.0
Lled L1le" 2Hhen 13,7 1743 327243 (¢44e% 99363 Sled 44,
1420 34e4 Slel2 Hiel 4445 401e? ¢01al 20940 34l <8en
18e% 6Hled 1306t 23¢3 2265 L3200 77344 168e3 97e2 3947
Ve4 11e5 L4.7 l.o Hael 2943 4Bel 19244 L33 Lde ™

Ted 1Ued 14¢7 2J)e7 15l 17241 20947 1)t 13.7 1léan
[SY 1l.4 LHe 4 915 “D s e 4len 4540 4205 Leo?

lz'b
l4ss
l4ed
21.1
1943
l16.0
2543
11.3
4543
2343

93
33.9
4345
47
3246
H4o
¢548
293
Ca.l
L
3149
lbe7
32e¢
3441
13.5
C4ad
3l
241
93
4549
1846
12e9
l14e
llec
laeb
12+¢
3Be>
1049
.1
179
491

Yol

Yo
1N.n




I«
IN
IN
In
IN
IN
IN
IN
I~N
I~
I~
i
IN
IN
In
IN
IN
I~
IN
IN
IN
IN
I~
I~
IN
IN
i~
IN
N
IN
iN
N
IN
N
IN
IN
I~
IN
IN
IN
I~
IN
I
In
IN
IN
IN
i~
™
I~
[
I
[
I~
I
I~

_—— — -

“029
4021
4022
4023
4024
4025
4026
«027
4028
4029
4030
4031
4032
4033
4034
4035
4036
4037
40133
4039
4040
4056
4057
4053
4059
4060
4061
4062
4063
4064
4065
4066
4067
40638
4069
4070
4071
4072
7017
7018
7019
7020
7021
7022
7023
71024
7025
1026
7027
7024
702
7030
7031
1732
7033
7034
7035
71036
7037
7033
7039
1040
7045%

16,0
9.0
11.3
12.7
70.5
34,3
50.1
93.%
Tl.56
64,95
[ YRl
79%.0
51.1
219.86
243.1
24244
132.2
20043
lav,s
267.3
151.5
155.9
2%1.1
93.1
1994,
132.0
13844
11545
Bla.!

32.7
18e0
21.3
42.3
4e7
7.4
34.9
36.6
5le7
1“.7
83.3
qq.q
“4bed
2267
3447
Z“.q
13.1
203
126.3
1d.2
15.2
135
14

38
117
9

19

23

19

le

18

38

51
1842
46.0
17.0
2943
83.0
73.2
102.7
7642
215.0
166.8
177.8
362.8
1072
39,8
33244
337.2
37745
20249
62491
335.2
30442
19549
319.3
245490
17542
34%.9
765495
2191
15945
b7b46

174
98
216
56

52

8¢
3l.2
26240
36,7
43,7
142.0
105.7
127.2
119.3
39943
31247
32444
493,49
3289
115.,0
413.0
657.3
29842
279.2
9‘.0.2
6d6.9
40944
41044
52541
33043
78844
Fi6.9
36242
321.3
3dbed
5334

3d.n
15.9
36.8
33.1
30.0
46.3
62.0
5217
1‘.'8
Zbll
6438
83.0
3666
109e4
579
32.8
32.8
35.1
4543
ablz
3le1
33

19

20

40

35

53

27
11l
83

18

24

o1
13.1
152.0
2%¢3
67,0
27.0
22042
19841
257.3
18849
198.3
24l.1
22047
23245
244,4
52267
Blde4
15845
265.7
68145
76342
29043
hab,d
49543
24843
364N
443,7
39944
44147
2blen

63e3 243,44 217.7 43,1
1568 859 2946 39.7
353 25244 25949 53.4

9¢7 133.5 14340 124,06
¢6e) 239.3 27.9 1l1l.2
37.5 6817 13348 133.9
2943 284.5 21447 15)45
3663 27242 1717 7249
13e3 b55.0 2660 152.8
3540 7L.5 8549 “d3e6
183 153.1 134.0 55,9
23e5 17440 32165 10246
€9%¢5 59,4 11742 9b.8
Bbeb 15742 180.3 131.2
374 11546 20641 115,7
8742 30949 1l4a5 3Le7

8.2 8046 35840 257.7
10y 97,4 91e% lidel
91.4 137.8 42.0 53.2
4245 36.1 1745 253
32+4) 68848 7444 1518

75 177 15 55
23 108 235 92
15 107 49 215
3y 197 124 221
17 457 148 76
13 84 204 92
34 309 133 l4b
142 719 303 26
72 . ol8 111 68
12 498 180 27

44 564 363 3134

33 195 2217 125
172 18340 27243 10544
55¢J) 25640 11643 72.0
2547 37348 B743 51%.0
293 26242 22740 114.8
130 25.C 6047 83.0
65«3 65147 330.2 1la?.
227.11375.0118640 159240
423e¢11229.0 25243 40546
40043267140179740 93044
1756512230 343.1 395.2
200432829402605.) 47543
71.718604.0 9094¢ 934.1l
17562232460 240.u1 12248
313.05465.01396,01225.0
238412787.03072.J120614.0
214431489,01403.0 %55.5
L84e3 49240 326.21095%.0
27743 91548 b92.2 407.8
¢1343462840115240 65469
295¢311144020067.0 643,90
2247 70945 85542 73242
508.11634.017230132140
918491892.0184904) 8949
527¢72014401257+40 4l4ab
L1797 82943440161 2401.0
229421330.01133.7 712.3
309471353.0 432.4 8J3.2
¢3342 24840 1h2eD 18544
C491el70744C 749065190440

2244213053402970.0 43841105540

B4e)
31249
22041
301.3
2944
22501
2598
29340
311,20
8.0
957649
221let
47345
319649
37045
LoCe
d32en
| A

24
73.0
16,0
37.0
13.1
2240
8240

124.9
12144
I.UUQQ
113.9
L4345
21941
T4.2
23544
333%.1
21942
29840
1bbed
23247
301.>
230.7
22547
2hbe 4
220.3
2BJe¢
2¥445
2l 4e b
L4>.n
L4742
13¢.40

158

15.0
943
11.5
23.h
Teb
290
16.0
1940
ZZIb
3244
15.1
3445
3046
19.7
2261
195
33,0
2249
13.2
11e9%
255
10

5

L]

22

16

14

le

10

15

12

8

17
3842
10.0
Lbeb
14,0
440
57.3
78.7
11044
92e1
1026
103.7
132.¢
6940
245.7
216e1l
184,11
21747
323.5
LBHBaex
270. 8
18247
215>
21647
154,33
39645
195%.%
L8Y%.5
143.0
Lblew
Y54 ¢




IN
IN
IN
IN
IN
I~
IN
I~
IN
IN
N
N
IN
IN
IN
IN

ER

7057
7058
7059
7060
7061
7062
7063
7064
7065
7066
7067
7063
7069
7070
7071
7072

76. 2
123.3
179.0
100.9

90.3
144,44
113.9

69.4
142.8

97.2
154.56

115
183
145

53
210

26.1
16740
2145
109.¢
90.6
150.3
Ybe 0
699
14642
134.3
204

183
131

82
138

7847
283.7
75642
130.1
23242
165.5

4744
383.7
BT74.2
290.1
5297
338.7

57.91025.0
30.42280.0

178.0
bzl.~
28442
172
5¢¢
95
25¢
r77

172.5
292.1
363.1
1506
694
205
516
1462

12806
281.0
333.6
234406
181l.2
151.8

467
522
232
228
845

1183452144.01206.0 230443
5561106240113440215%340
16552271.0 706e11892.0
53243129440 2275 29045
1602187060 778.791073.0
1271 252.,21530.01658.0
584e91412.03718.0 753.d 208.6
61649 273.02797.02370422907.0
103.2 112.03194.01503.) 4610
28347 444.04728,01267.01653.0
241le4 1H62e9 963.01044401021.0

157
745
1234
263
457

3530
1561
3577
labo
13395

1677
35l
493

2571

1564

598
586
326
2739
329

148.3
955845
19,7
208,09
5621
247.3
102.4
308.,0
16743
2874
19247
25¢
357
63
ol
270

19535
62045
1379.7
14v.2
343.2
207.6
50.1
343.4
227.0
2h4%e0
15163
270
2517
73
329
234

159

157.0
2040
13547
124,
240.0
14041
49,3
750
121.7
227.1
145.1
2614
33¢
b4
234
199




